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VARIABLES ASSOCIATED WITH BREEDING WATERFOWL 
ON SOUTH DAKOTA STOCK PONDS 
Abstract 
Jay Roberson 
Use of stock watering ponds by indicated breeding pairs of 
waterfowl was measured in the western two-thirds of South Dakota from 
1973 to 1976. Multiple regression and discriminant analyses were used 
to describe the habitat associated with pairs of each species. Habitat 
variables explained 35 - 47 percent of the variation in pairs having 
small home ranges and 26 - 35 percent of the variation in pairs having 
large home ranges. Shoreline distance accounted for more variation in 
mallard (Anas platyrhynchos) and blue-winged teal (A. discors) pairs 
than any other single variable. Ponds used by these pairs had shoreline 
distances that averaged 590 m which was significantly (P<0.005) greater 
than the mean shoreline distances of ponds not used (X = 270 m). Numbers 
of blue-winged teal and pintail (t, acuta) pairs increased proportion­
ately with increased shoreline irregularity. Pairs of all species 
except the American wigeon (t. americana) were observed on ponds with 
significantly (P<0. 005) larger mean surface water area than the mean 
surface area of ponds where pairs were not observed. Pond basin area 
accounted for more variance in pintail. northern shoveler (�. clypeata}, 
and green-winged teal (�. carolinensis) pairs than any other single 
variable including surface water area. Numbers of pairs of these species 
increased with increased basin area. The number of wetlands and types 
of wetlands on the study plots appeared to be important variables 
associated with the use of stock ponds by breeding pairs. 
Emergent vegetation species, height, and interspersion were 
important variables associated with breeding pair use of stock ponds. 
The presence of sedges (Carex spp.) accounted for more variation in 
numbers of gadwall (Anas strepera) and American wigeon pairs than any 
other variable. All breeding pairs were positively associated with 
roundstem bulrushes (Scirpus validus and i· acutus). Pintail and 
gadwall pairs used ponds with scattered dense patches or diffuse open 
stands of emergents but tended not to use completely open ponds. 
Pintails, American wigeons, northern shovelers, and green-winged teal 
tended not to use ponds with a dense band of emergents around the shore. 
Mallard and pintail pairs per pond declined with increased grazing 
intensity on the upland. 
Geographic location of stock ponds was associated with pair use. 
Mallard, pintail, blue-winged teal, gadwall and northern shoveler pairs 
tended to use ponds located east rather than west of the Missouri 
River. American wigeon pairs were more abundant on ponds located in 
the northern portion of western South Dakota than on ponds located 
elsewhere. 
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INTRODUCTION 
Breeding dabbling ducks (Anatini) intensively utilize stock ponds 
even though these ponds have been constructed and managed primarily for 
livestock (Bue 1956, Ouebbert 1972) . Smith (1958) found that stock 
ponds supported 23 percent of the breeding waterfowl population in 
Montana, North Dakota, and South Dakota but made up only 16 percent of 
the number of wetlands in these states. Kruse (1972) observed that 
stock ponds comprised less than one percent of the surface water area 
on Arrowwood National Wildlife Refuge in North Dakota but supported 25 
percent of the breeding pairs. Ruwaldt (1975) found that stock ponds 
made up only 14 percent of the total wetland area in South Dakota but 
supported about half of the American wigeon and about one-third of the 
pintail and mallard breeding pair populations. Stock ponds will likely 
increase in importance in the future because of their compatibility with 
agricultural land use. 
More efficient use of the waterfowl resource will be made by manag­
ing breeding waterfowl on a species basis (Smith 1971) . Species speci­
fic management of breeding pairs on stock ponds will require information 
on the ecological requirements of each species. Wetland and upland 
habitat variables that can be managed to improve production on existing 
ponds or implemented in the development of new ponds are of particular 
importance. The objectives of this study were to identify those wetland 
and upland habitat variables which were most associated with variation 
in numbers and occurrence of breeding pairs of waterfowl on stock ponds. 
1 
STUDY AREA 
South Dakota has been divided into eight major physiographic 
strata based on differences in vegetation, climate, topography, and 
soil parent material (Flint 1955) (Figure 1). Four of these strata 
lie east and four lie west of the Missouri River. Ninety-seven 
percent of the stock ponds in South Dakota are located in one east-river 
and three west-river strata (Ruwaldt 1975). These four strata are the 
Missouri Coteau (stratum I V), Northern Plateau (stratum V), Pierre Hills 
(stratum VI), and Southern Plateau (stratum VII) (Figure 1). This study 
was restricted to these four strata which comprises 66 percent of the 
total land area (199, 552 km2) in South Dakota. 
The Missouri Coteau is an unevenly dissected plateau-like highland 
of glacial drift underlain by Pierre shale (Flint 1955). Glaciation has 
altered the original east-west drainage pattern into the present north­
south pattern of the James River to the east and Missouri River to the 
west. Glacial wetlands are abundant in the northern portion of the 
Coteau where drainage is poor. Eastern slopes are drained by short 
parallel streams to the James River while western slopes are drained by 
a more irregular stream pattern to the Missouri River. The narrow 
southern portion of the Coteau is well drained by tributaries of both 
the James and Missouri Rivers. These drainage patterns, particularly 
westward into the Missouri River, have provided a number of sites for 
stock pond construction. 
The Northern Plateau is characterized by a series of plateaus, 
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Figure 1. Distribution of randomly located sample cluster centers in the four major 
physiographic strata having greatest numbers of stock ponds in South Dakota. 
w 
benches, and isolated buttes (Flint 1955). The dissected, steplike 
surface rises from 610 m near the Missouri River to over 9 15 m above 
sea level near the extreme northeastern corner of the state. Shales 
and sandstone lie under the silt and clay loam soils (Westin et al. 
1970). The Grand and Moreau Rivers drain eastward to the Missouri 
River. The dispersed drainage pattern of the tributaries provides 
ample sites for stock ponds. 
The southern most stratum borders the Sand Hills of Nebraska to 
the south. The Southern Plateau appears as undulating tableland and 
badlands due to the plateaus and broad benches that have weathered to 
varying degree. Underlying sandstones, siltstones, and shale yield 
a silt and clay loam soil over most of the area. This region slopes 
upward from 853 m near the Missouri River to 1097 rn above sea level 
near the Black Hills. Drainage northward occurs through tributaries 
of the White River and southward by the Keya Paha River. 
Between these two west-river strata and lower in elevation lies 
a region of rolling plain interrupted by a few steep valley sides 
and isolated buttes. This stratum, the Pierre Hills, obtained its 
name from the rolling hills and underlying bedrock of Pierre shale. 
This shale erodes quite readily to produce smooth hills and ridges 
4 
with convex tops covered by a dark plastic clay soil. A well integrated 
system of tributaries of the Cheyenne, Bad, and White Rivers drains 
this stratum eastward to the Missouri River. Stock ponds are most 
abundant in this stratum. 
·.· �: . . �:. ..... 
I 
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METHODS 
This study on stock ponds was part of a broader statewide waterfowl 
survey conducted from 1973 to 1976. Sample design for this study was the 
same as the design for the overall statewide survey previously described 
in detail by Brewster et al. ( 1976). Sampling consisted of ground counts 
of breeding waterfowl on randomly located 64.8 ha {quarter section) plots 
in the four study strata. Numbers of plots per stratum were as follows: 
Missouri Coteau {80), Northern Plateau (72), Pierre Hills (92), and 
Southern Plateau (56). The proportion of the total area of each stratum 
sampled is given in Table 1 of Appendix A. 
All stock ponds containing surface water on these plots were consid­
ered sample units. A stock pond was defined as the impoundment resulting 
from damming a natural waterway. Each stratum was well represented 
although the number of stock ponds containing water varied by stratum 
and year (Table 2, Appendix A). 
Census Methods 
Two censuses were conducted on the stock ponds each year. Average 
census dates for early-nesting pairs were 1 1  May to 26 May while mid- and 
late-nesting pairs were censused from 7 June to 18 June. Early-nesting 
pairs included mallard (Anas platyrhynchos) and pintail (fl. acuta) 
(Hammond 1969). Mid- and late-nesting species were northern shoveler 
(fl. clypeata), blue-winged teal (fl. discors), gadwall (fl. strepera), 
green-winged teal (fl. carolinensis), American wigeon (fl. americana), 
tl ' .
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ruddy duck (Oxyura jamaicensis) , and lesser scaup (Aythya affinis) . 
Numbers of pairs of lesser scaup and ruddy duck were not sufficient for 
statistical analysis (Appendix C). Consequently, these two species were 
dropped from further study. No confirmed observations of any other 
duck species occurred on study ponds over the four years. 
Indicated breeding pairs rather than actual observed pairs were 
used in all analyses. Pairs, lone drakes, and pairs in groups were 
tabulated as indicated breeding pairs (Hammond 1969) . Lone females 
in excess of lone males on a given plot were also recorded as indicated 
breeding pairs (Stewart and Kantrud 1972). 
Censuses of plots containing study ponds were conducted by two 
two-man crews. The state was censused in a southern to northern 
direction to reduce effects of latitude on the pair counts. Ponds 
were censused by the walk, wade, and vehicular methods as described 
by Hammond ( 1969) . The method used depended on the amounts of 
emergent cover and size of the stock pond. Censuses were conducted 
from one-half hour before sunrise to one-half hour after sundown. 
During each visit to the stock ponds, wetland and upland habitat 
information was recorded . Some of this information was sketched on 
photo duplicates of aerial photographs obtained from the Agricultural 
Stabilization and Conservation Service (ASCS) . High water line 
(basin area), actual water line (shoreline), emergent pattern 
(cover type), and upland cover type were mapped on these photo 
duplicates. Breeding pairs and remaining habitat information were 
tabulated on field forms. The explanation of habitat variables 
and how each was recorded is given in Table 1. 
Two variables, pond age and shoreline development, were analyzed 
separately because values were not available for all the ponds studied. 
Pond age was defined as years since dam construction. Dates of dam 
construction were copied from permits for cost sharing submitted to 
the ASCS and filed in Pierre, South Dakota, with the Department of 
Natural Resources. Construction dates for privately funded ponds were 
obtained from land owners. Shoreline development was computed as 
the ratio of shoreline distance to the circumference of a circle 
having the same area as the surface water area of the pond (Lagler 
1956:245). Shoreline development is a measure of shoreline irregular­
ity and is commonly used as an index of biological productivity of 
lakes. 
Statistical Methods 
Three basic types of analyses were used in exploring the relation­
ships between breeding pairs and breeding habitat. These analyses were 
multiple regression, discriminant analysis, and polynomial regression. 
Multiple regression has been used in other ecological studies to 
describe breeding habitats and coexistence of bird species (Sturman 
1968, Lokemoen 1973). Similarly, stepwise forward solution multiple 
regression (Steel and Torrie 1960, Kim and Kohout 1975) was used to 
provide evidence for ecological preferences of species of breeding 
waterfowl using stock ponds. 
Stepwise forward solution multiple regression analysis consists 
7 
Table 1 .  dst  of 1ndl'J•l'r.d.:nt vMid� les .-. n,1 exr l .1nat l c�s for n:u l t hurfate ar:,  l y s i  s .  The mnemon ic form w t  I I  be used to 
refer to th� variah i e� I n  1 .1 1:> l , · ,  of t i  .. : ,;pµe11Jir:es 
11ncmon lc lndeprnd�nt Va r l aLle 
We tl and flabi tat ·1aridbl e s :  
HPB 
HPSW 
HPOW 
PSW 
POW 
SLDI 
VEGH 
CRAT2 
CRAT3 
ORATl 
ORAT3 
DRAT4 
DRATS 
PGR 
Hectart:s of stock rond bas in 
Hect�rcs o f  stec� i �nd � u�fdce wJt�r 
Hectares of stock por.J �pen wlter 
r�rcent surface water o f  bas i n  area 
Percent opl'n water cf su.-face i.Jter aru 
Stoel �ond sho,� l in� d i s tance in meters 
E111ergent veget.; t i on he i ght In  cen : i<"..?ters 
Cover type 2 (! • p,·e�ent, 0 • absent ) 
Cover type 3 ( 1  • present ,  O absent )  
Oepth rating l ( 1  • present ,  0 • absent )  
Depth rating 3 ( 1  • pre�ent ,  0 • absent)  
Depth rat1ng 4 ( 1  • present , 0 • abstnt ) 
Depth rating 5 ( l  • ?resent ,  0 • absent ) 
�ercent of the shore l i ne be1ng grazea 
Upland Habi t�t Varlables : 
Gl tlT 
HSHG 
HF ARM 
HPAS 
HF ALO 
HROAU 
HTR[E 
HCOR 
KALF 
HHAY 
Gra1 1ng Intens i t y  of JPl Jnd 
Hectares o f  sm,i l l  g.-a 1 n  on tr1c qua,·t�r 
Hectares of flr:nH��d on the quart�r 
Hcctarts of  pa�ture on the qu&rter 
Hectarca or r o l l ow on the quJrtrr 
Hcc tArC, o f  ro.:,d:. l do on the quJrtP.r 
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HettJ rr:� of  ecru on t�c quJrter 
Hectare� of a 1 (,1 l fa or. thl! qu,,rlcr 
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c�pl anat i on 
HPB lllt:c1sured t:y pol a r  p l ani�ter 
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HPSW r1u l t ip l icd by l'UW 
V i s.:al Ecs ti1.:ate n,a<Je in the f i el d  
V i � uil  e :tl111rtte 'l lOe I n  the f ie ld  
Heas .. red by r.:c1p mcdsurf: Tr(";l d•a,dngs on  pilot� dupl : ca tes 
V isual esti::iate ��de i n  the f ie ld  
Covtr type i s  the  same c1s defi ned �/ Stewart and Ka'ltrud 
( 1971 )  for natural pon1s and 1 c1 �es . Oren watr,r or bJre 
soi I covering 5 to 95 percc�t ct tne wet hna area , 11i th 
scattered nense patches or  di ffuse orcn stands of 
f'fflerg�nt cover was des i gnatect as co·,er tyre l .  ClC'sP.d 
stands oi emergent ccver •.cover ty�e I i  �·I th open water 
or bare so il cover ing l e : s  tha" � p�rcent of the \ol.?t l and 
area was nut cha rtcter ist ic  oi any o f  the study ponds 
over the 4 years . 
Central expanses of ope� water or bare soi l  (comor l s i ng 
more than $ percent of the wet lu.d e rcb ) surrountlf.'d �:I 
peri pheral baMs of e;,1r; rg"nt covt>r a verJ�i 'lg l . i:i2 metP.rs 
or rnore in width wa ; aefi ned as cover t;:ie 3. Cover 
type 4 w�s des i gM ted a:; open wa ter 01 Luc �o i l  cc.vc·· i nq 
more than 9S perci,nt of t�e wet i anJ ar�J anti sma 1 1  :,or,,u 
wi th P.tr�rgent r.ovcr restritteJ :o T.a r9 ina l  oands l e�s 
than 1. 02 meters 1 n wi dth.  Cover LJjJe 4 Wh the nios t 
cenmon cover ty�e for s tock pends so I t  w�s us�d as a 
reference category and not enterc'1 as a d·,r �,y , ,r i d� le  
in  n1u l t ip le  regress ion ( i<ir.1 and  Kohr,�t l'l, , : : 7 7 ) .  
�!ater l evel above norlllt1 l  h i gh-.. a ter  mnrk , surf.ice wner 
present wi thin the �'E! t-!')r� i ri e  or t�e �t·r.'C��nw �one 
consti tuted a depth rat Ing  1 .  ::>e;,tl, r� t i ng ? w� \ cef I ued 
as the nonral  or fu l l  conc l t l on ,  wi th suria·; •: •at�r 
res tricted to s'1a 1 l ow-,r,a rsn , �ecn-r.:e rs11 , ar,d uPen-wate� 
?ones . C'E!pth rating 2 was the re'erence tJ te�ory . 
Sha l l ow-marsh zone a t  l e�st 25 percent dry 
Sha l l ov1-ma rsh zone at l aast 75 pncent dry 
Deep -marsh zone at l east 25 pcrt<!,,t :lry ;  ,;udflets or 
draw-down plant conrr.un i t 1H :ire,cnt.  [lcpt�. rating £ ,  
deep-marsh zone a t  1 us� i S  :>'!rc1>nt dry , was nc;t toml'On 
enough for analys i s .  Ory ponds were not ana lyz,a . 
V i sual est1rnate m;ide i n  the f1 e : d  
(0 • n o  graz ing , l • l i ght , 2 • mod�r• te , 3 • heavy ) 
Measured by pol a r  plan in�ter from cover map 
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wi l l  be usl'J to rder to ti,e vJr i db les in tJl.l ics o'. tne App,·n:liLrs. 
Mnemonic lndP.N·n1ent Vdr1 able 
Dominant Emergents : 
[LE 
SCF 
scs 
TYP 
CAR 
POL 
R i ver bul r�sh (�lrllU..'.!_ fluv i a t i l i s )  
Roundsten. t.u l rush (.?.£J!P.uS acutu,; ;,nd 
.t �) 
- ---
catta i l  cw,��- l _1 t i_fo 1 i a and 
!· an9ust 1 folJ-!_1 
Sedge (Care, �· i 
S,,iartweed ( Pol:;gonun �· ) 
Wet land Assoc iat ion Va r i at>1 es : 
MIC 
IIASW 
HSWA 
NNSW 
Nunoer of wet land c la sses on t he quarter 
NUMber of art i f i c i a l  wetl ands w i t h  surface 
water 
Hectare! of surfac� �:ater of a rt i f ic i a l  
wetl ands 
Number of  na tur3l w2t l ands wi th surface 
water 
HS� HPttares of  surface water o f  natu�al 
wetlands 
NOii llurnber of wet l ands with oren wa ter 
HOIIB Hectares of open water of other wetlands 
NDB Number of dry basi ns 
TSLD Total shore l ine d i s t lnce of other wetl ands 
DWBMC Dis tance to nea res t wet basin 
Ois turbdnce Variabl e� : 
OliRMC 
DOFMC 
Oisl1:nce to nearest h ighway 
Di stance to nurcst  occuppied farmstNd 
Phys i og raphi c Strata : 
04 
05 
06 
}11 ssourl C�teau 
Northern Pla :ca u 
P ierre �i l l s  
Other Var i abl e� : 
T IME Cer-,u$ t in,e ,:if day (i.4 hour systCfll) 
TEMP f. i r  ternperJ:ur'o in rlc�rC•!S cel s i u:; 
RAIN Pre�ence ( I i  or a bic�cc (0) of ra i n  
Exp 1 ftno t 1 on 
0 • absent , 1 • pr.::�C'11t I f  among the domi ndnt errergent, . 
(�.!..!2!.i.!. �· i �  the reference ca te�ory . ) 
Var1 a�les obta ined from the qua rter sections on wh i ch 
s tad ponJs we re 1 oca :ed. 
Arti f i c i a l  r.ieans dugouts and s tock porrds 
Cal cul ated from previ ous infomat ior. 
Natural  n�ans natural ponds and l akes ( Stewart and 
Kantrud 197 1 )  
l • O to  99 •.et?rs , 2 • :oo m to  !99 m ,  3 • 2CO '!'. tc, 
299 m,  4 ,  300 � to 399 m,  5 • 400 m to 499 m ,  E • SjC � 
t� 599 w, 7 • 5u0 m to 691 m, 8 • 700 m to 7�9 � .  
9 • BOO n ,  or more n,eters . 
s ame as above. 
same as above. 
O • abctnt, l • prt�ence of ,t11ck �end 10 the i:art i c"lar 
strata ; du11r:.; var l 1u1cs u�c:l to account for ·.�,, u�:cmon 
var1anr.e of i toe�. pn�d var iJhh.•s �c t-.,een �tr� t a .  !ht 
Southem Pl;it to•J t s  '.he rdcr•:nc,;, :H�<;'lr)' b':C� .se 
d i scrh .. ina,t ;,n1,l y � i s  sno�ll �ands in thi s s trc "l to tic 
l east cxtrcrnc in variabi l i ty .  
of computing simple correlation coefficients (r) between all habitat 
variables (the independent variables), and numbers of indicated 
breeding pairs (the dependent variable). Independent variables are 
then entered, one at a time, into a linear regression equation in the 
order in which each variable, when combined with previously· entered 
variables, reduces the residual variance about the least squares 
regression line the most. An F test was then applied to examine the 
statistical significance of each step in reducing this residual 
variance. At the conclusion of the analysis, a reduced set of 
significant habitat variables, known as the multiple linear regression 
equation, is obtained which accounts for a proportion of the variance 
in the dependent variable. 
Careful interpretation of multiple regression results is neces­
sary in order not to be misled. The value of the linear equation 
in explaining response by breeding pairs is indicated by the proportion 
of variance of the dependent variable accounted for by the set of 
independent variables. This proportion is known as the coefficient 
of determination (R2) (Snedecor and Cochran 1 967). Once the importance 
of this set of variables has been determined, the individual contri­
butions of the variables can be examined. The magnitude of the simple 
correlation coefficients indicate how closely associated the indepen­
dent variables are with the dependent variable . The sign (+ or -) of 
the simple correlation coefficient indicates the direction of the 
association when no other independent variables are considered. The 
magnitude of the standardized regression coefficients indicates the 
10 
r ·  
k,; 
relative effect the independent variable would have on the dependent 
variable when all independent variables in the linear equation are 
considered together. The sign (+ or -) of the standardized partial 
regression coefficient indicates the direction of change i n  the depen­
dent variable when all the independent variables are considered 
together .  The sign of the simple correlation coefficient may not be 
the same as the sign of the partial regression coefficient due to 
intercorrelations between previously entered variables . Interpretation 
of the sign of the partial regression coefficients should be made 
carefully in view of the simple correlation sign and intercorrelations 
among independent variables. 
Stepwise discriminant analysis was used to distinguish between 
waterfowl species based on habitat variables utilized (Morrison 1967) . 
The analysis was also used to differentiate between ponds used by pairs 
and ponds not used by pairs of the same species. Discriminant 
analysis has been used for similar purposes in ecological bird studies 
by other researchers (James 1971, Whitmore 1975) . 
The analysis consists of entering habitat variables, one at a 
time, into a linear function based on improvement in discrimination . 
Va riables which maximize the variance between groups are entered 
successively until all the variables are in each discriminant function . 
Discriminant functions a re linear  combinations of the habitat vari-
1 1  
ables . The number of functions derived equals one less than the number 
of groups to be differentiated . 
Even though all habitat variables are eventually entered into the 
function, only a few are necessary. The number of variables used can 
be truncated at the point where addition of one more variable does 
not significantly improve the differentiation between groups based on 
change in Rao ' s  V statistic (Klecka 1975). 
The merit of the reduced set of significant variables in distin­
guishing between groups is indicated by the number of ponds correctly 
classified. High percentages of correctly classified ponds indicates 
that the significant variables give good separation of groups ; 
conversely, low percentages indicate poor separation. 
Once the value of the discriminant functions has been determined, 
the relative importance of the individual variables may be established 
based on the standardized discriminant function coefficients. These 
coefficients are interpreted with the same care as the multiple 
regression coefficients. 
Since the discriminant functions may be thought of as orthogonal 
axes in geometric space, spatial relationships between groups, known 
as an ordination, can be more easily understood (Klecka 1 975 ). An 
ordination of the first two discriminant functions was used to 
clarify the relationship between variables and waterfowl species . 
Discrimination between early-and mid- or late-nesting ducks would 
not be valid because seasonal differences rather than differences in 
habitat preferences would discriminate between the two groups. 
12 
Stepwise multiple regression and stepwise discriminant analysis are 
based on the assumptions ( 1) that residual variances of the variables 
within each stratum are normally and independently distributed with 
13  
a mean of zero and common variance, (2) that the independent and dependent 
variables are measured without error, and (3) that the true relationships 
between the dependent and independent variables are linear . The first 
assumption was accepted without testing. 
The second assumption implies strict homogeneity of error variances. 
Measurement error did occur but differences in subjective judgments 
between the two crews between years was negligible . Each crew member had 
previous experience collecting data with members of the other crew. 
Meetings were held prior to the censuses to clarify and unify data 
collecting methods. Also, one person remained on the census team all 
four years which standardized the data . 
The third assumption that the true relationship between the 
independent and dependent variable is linear may not be a valid assumption 
for certain variables. Most animal populations tend to be limited over 
time by environmental constraints other than living space, i. e .  food, 
cover, weather, disease . Therefore, an increase in living space 
does not necessarily lead to an increase in numbers of individuals . 
Lokemoen (1972) has shown that pairs per pond increase at a decreasing 
rate with surface water area. 
Variables such as surface area, shoreline distance, pond age and 
time of day were analyzed for deviation from a linear relationsh i p  by 
polynomial regression. The true rel ationship between breeding pairs 
and these variables may be illustrated by fitting a curve to pair 
response . Only those ponds with pairs using them were analyzed by 
polynomial regression because we were more interested in determining 
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the response by additional pairs rather than explaining why pairs did 
or did not use certain ponds. Discriminant and multiple regression 
analyses were run on all wet ponds to indicate why pairs did or did not 
use ponds. 
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Polynomial regression analysis involves fitting a least squares 
line or curve to the response variable by successively entering higher 
degree polynomial s. The linear relationship is given by the first 
degree polynomial, X. Successively higher degree polynomials, i . e. x2, 
x3 , x4, etc. , yield successively more complex curvilinear relationships. 
The process is continued until the succeeding polynomial does not 
significantly reduce the residual error about the least squares curve. 
At this point the curve significantly fits the true relationship. The 
proportion of variance of the dependent variable (R2) is interpretted 
in the same manner as in multiple linear regression. 
Homogeneity of variance in independent variables was tested to 
determine if stock ponds located in the four physiographic strata 
could be pooled and considered a single sample . Multiple regression 
and discriminant analyses are robust procedures which do not require 
strict homogeneity in order to obtain unbiased results. Heterogeneity 
was small enough that strata were pooled. Dummy variables were added 
to account for some of this unexplained strata variance. 
Ponds were pooled across years and considered a different sample 
each year. Effects of year on stock pond variables were assumed to be 
random from 1973 to 1976 . Pooling of ponds within strata and years 
greatly simplified the analysis and increased the sample size. 
All statistical analyses were conducted using the digital computer 
located at the Computing Center, South Dakota State University. 
Statistical programs used were subprograms from the Statistical Package 
for the Social Sciences (Nie et al. 1975) . 
1 5  
RESULTS 
Mallard 
Eight variables accounted for 26 percent (R2) of the variation 
i n  numbers of indicated mallard pairs using stock ponds (Table 2) .  
Shoreline distance accounted for more of this variation than any 
other variable. Mallard pairs per pond increased with increasing 
shoreline distance and taller emergent vegetation but decreased with 
increasing grazing intensity. 
Stepwise discriminant analysis differer, tiated between used and 
unused ponds based on nine variables which correctly classified 
61  percent of the ponds used by mallard pairs (Table 3 ) .  Shoreline 
distance was the best discriminating variable. Mallard pairs tended 
to occur on ponds with longer shoreline. The mean shoreline 
distance on which one or more pairs were observed (X = 584 m) was 
twice as large as the mean shoreline distance of ponds not used 
(X = 265 m). Ponds located in the Missouri Coteau or on pl ots with 
farmsteads were more likely to have mallard pai rs. Pairs tended 
to be absent from ponds located on plots with a greater diversity 
of wetland types. 
Wetland habitat variables were the most important group of 
variables associated with breeding mallard pairs (Appendix D ) .  Simple 
correlation coefficients (r) indicated that emergent vegetation cover 
type and kinds were important but were not significant in ei ther 
regression or discriminant functions. Mallard pairs were positively  
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TABLE c .  Sunin.ir.v l.1 � l c  ni '.. 1 1,ni f i .: .1 1 1 l  r!'�u l t s  nf mu l l. 1 11 1 1?  l'c''11'6 � i ,,11 anJ l .·, 1 � .  t<ll3  • 1976 .  Va r i a 1J l e5 
dre l i st(·J i 11 0 1·,ft·r tJ ( t11 1 : 1··, in JL .:.._,..,n t 1 n,1 r'11r "uc.:n.'\" h...: ,n.i'l(. 1 1tlH;, -J ,, r utd H ty tn ·l•t H''i 
S�4n\1.,�J L·c.J f i ·l r t i .d rl J r •.", , Lin 1..'f't.� f f i .: i cn t\ ,11 'l' 1 1 ·. t:'J ! or r ho�t v., ,· 1 .1 h l e\ ·r.h 1 :.: t/ wL•,·c ·  
s 1 9n 1 r "d11t ( ,\ : 1'· 0. D',) .1,1J 1 1: : 1' . iJ. t'O� )  I n  rcdudn� th,, error ,um o f  s•;11 ,1rcs J t  C J C h  ,t�p .  
Independent 
vJriables 
MALLARD 
Shore! i ne d i s ta,ice 
Ha of surface Wd�er 
Graz ln9 i ntensi ty 
Ha of open water of other �et \ �nds 
on t he p l ot 
Emergent vegetation he i ght 
Depth rating 1 
Percent open water 
Ha of fa l low on the plot 
P I N1AI L 
H:1 of pon� ba s i n  
Mi ssouri coteau 
Ha of s urface wa ter 
Ha of farmstead on the p l c·t 
Percent surfac.e w�ter 
Cover type 2 
Ha of pond open water 
Graz ing I ntens i ty 
Ha of pasture on the plot 
Nulf,ber of dry b a s t ns on the p lot  
BLUf ·II I NGEO TEAL 
Shorel ine d i stance 
Car_ll 1£.2.. 
Ha of farmstead on tl\e p l ot 
Ha of pond bHin  
H a  of pond open water 
H• of surface water of natural 
on tht p lot  
k!!P.uS � and l· 
El toch�!!l W.· 
CAOltlALL 
f!m !PP.· 
Ha of pond open .a tcr 
!£_U..tJ!i 
w,tlJn�s 
Nun,bcr of dry bas tn�  on th� p ;.:.:  
Ha of pond 5urfdc� wa t�r 
Cover typu 2 
0 1 , tancc to ntdr��t !J,,..;�N� 
-- -----
Coetr ii: ie,1t :; t,.11 1]p 
of corre 1 a t 1  on 
de te rn,J nat ion coer r f c icnt 
(R ) ( r i  
0 . 1478 ij, 3845 
0 . 18<8 0 .  24 1 4  
0. 2060 ·0. 1243 
0. 2210 -0. 1G31 
0. 2323 0. 2437 
0. 2426 -0. 0733 
o. 2523 -0. 0896 
0 . 2623 0 . 0069 
o. 0901 o. 3001 
0 . 1 64 7  o .  2867 
0. 1 987 0 . 2046 
0. 2�50 0.0786 
0 . 2808 -0.0402 
0 . 29(i6 0. 1673 
0 . 3066 0 .2441  
0 . 3164 -0.05 1 7  
0 . 3244 ·0.0161 
0. 3320 0.2817 
o. 32 1 1  O .  Sf.66 
o. 3603 il. 2698 
0. 3847 o. 01 15  
0 .  4046 0. 5214 
0. 4259 O .  S002 
o. 4476 0 . 1928 
0 . 4616 0 .  3507 
0 . 4£90 o. 0847 
0 , 1287 o. 3587 
0 . 1847 0 . '701 
0. 2376 0.  26 I? 
0 . 2689 0 . 1669 
0 . 21)7 7 o. 1452 
0. 30�5 O . C7H 
Stanc1ar·d 1 ied part i d l  
!£!1!t'o, i on coe f f i c 1 c11 t 
A B 
0 .  7 159 0 .  7066 
-0. 3954 ·0 . 3510 
-0 . 1 543 -0.  I 538 
-0 . 1 148 
0 . 2020 
-0 . 1014 
0 . 1263 
-0. 1057 
l . 8 158 1 . 982 1 
0. 1731  0 . 1981 
-1. 7689 - 1 . 6470 
-0. 3627 -o . 4uJ, 
0.  \804 o. 20il8 
0 . 1457  0. 1 � 1 1  
0 . 3158 
-0 . 1388 
0 . 1012 
0 . 0996 
0 . 5185 0 . 5286 
0 . 182 1 0 . 1 702 
·0 . 2928 ·0 . 20�5 
0. 5370 o .  5004 
-0. 4�40 -0 . 43-10 
0 . 1583 0 .  ,b55 
0 . 1096 0. 1 303 
0. 0901 
0 ,  302 7 o. 302 7 
0 . 6702 0 . 6702 
0 . 24 10 0. 2�10 
·0 . 4,195 -0 . ��?5 
o .  , ��u o . 1 �.1n 
0 . 1��4 0 . 1 1,�4 
1 7  
.'.)� 
--· , .. 
. � . :-"--� .i<·.:-?tr·:i*: 
· ;_.
1r ·r1t 
TAOLE 2 .  (cont l nu,•d) 
AMERICAN W I GEON 
� ill: 
Sc i rpus �l idus a•1d �-
Cover type 3 
Po lygonum 1P.P.· 
Northern pl ateau 
NORTHERN SIIOHL [k 
Ha of pond bd, i n  
Carex �-
� 
Ha of farmstead Jn the p let  
Depth ra ting 5 
Ha of surface wat�r of nJ tural 
on the plot  
wet 1 ands 
Hun,ber of  natural wctlanas .. ah sJr f.�ce 
water on the plot 
�.J!US fl��0.l_;_i 
Hectares of  pond open water 
Sc i rpus � and §_. � 
Ha o f  sona l l  gra i n  ,11 the plot 
GREEN-WINGED HAL 
Ha of pond bas i n  
Ha of fa l l ow o n  the plot 
Sc i rpu� va l M� ar.d ?: 
§£.!!£.�. f l  UV i a t  1 1 1  � 
!£.1:!!_UJ. 
Nuraber of dry bas ins on the p lot  
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0.  0477 0 . 2 11\3 0 . 2 109 O .  ltl92 
0 . 0767 0. 2 113 o .  2223 0 . 2 182 
0 . 1014 -0. Otl47 -0. 1 583 -0 . 1635 
0 . 1 13 1  - 0 .  0524 -0 . 1072 
o. 1 235 0 .  1 : 1 1  o .  1026 
0 . 1233 o. 35i2 0 . 6786 0. 3913 
0 . 2157 0. 32�4 CJ . 2593 0. 2855 
0 . 24N -0. 0113  -0 . 2479 -0. 1 702 
0 . 2648 o. 173 1  0. 1291 0. 1520 
0 . 2844 0. 1892 0 . 2577 0 . 1 4 1 1  
0 . 2 989 -0. 0231 -0 . 1 587 
0 . 3159 -0 . 0243 -0. 1909 
0 . 3273 0. 3029 -0. 2865 
0 . 3403 0 .  2270 0. 1209 
0 . 3479 0 .  0348 O . Oc89 
0 . 0421 0. 20S? 0. 1306 0. 1 51!8 
0 . 0747 0. 1874 0. 1518 0 . 1769 
0. 0972 O. 20Z6 0 . 1 521 0. 1 552 
0. 1 14 1  0. 196fl 0. 1408 
0 . 1282 0 . 1213 0. 1 194 
TABLE 3. '-1.Jjor d i ;cr in1 i n.1 t i nq -,., r ,dt.l ,·:; J'. ; ,", , �., : ,,J �-, d i :,c r 1r11nJ11t , n , ly,. 1 s  hctw,'cn 1>,111d� wi th no i n,H cJted 
p a i rs ar.a pu:1J•, wi th .i t 1 1•,l '", t ·'"" rJ i r" ,  1 " 1 1  - l :l / 6 .  \\ \ vdr iJhl ,:, wc,·e , i �11 1 t 1cJnt ( P . O . U� )  i n  
d i sc r lir. 10.t t i ,1q !•JSt,U en Ch"fl1<' H I  11d ll ' �  \ J t  �d(h  s teµ. 
Groups 
Ponds wi th  
H.!l l a rd 
Ponds w i t hout 
�la l l ard 
Tota l 
Pords wi th 
Pi nta i l  
Ponds w� thou� 
P inta f l  
Tota l 
Nurber 
o' 
cases 
1 58 
2 13  
371 
65 
371 
Ponds with Bl ue- IC9 
Wi nged Tea 1 
Ponds w i thout 246 
Wi nged Teal 
Total 3S5 
J•ercent of .:en:roi1s 
cases correc t l y  in rc'Juced 
c l as s i f ied space 
6 1 .  4 0. 5816 
85 . 4  -0. 4314 
75 . 2 
66 . 2  · I .  0331 
0. 2196 
8i . l  
55. 0 -0 . 84 1 1  
92. 3 0. 3726 
80 . 9  
St andard i :ed 
Di scr i nt fn.1 l i ng d i s c rhoi n,1nt f•Jnct i on 
ia r i db l cs coe f f i c i e, ;ts 
Shore! i n� D i s :arce 
Ha of open w�ter of 
other wet l ands on the 
plot 
Ha of pond surface 
wa:er 
l . 298Ci 
- 0 . 2293 
- 1 .  7�88 
Number of w�t l and -0. 4 391 
cl asses on the plot 
Missouri cotcau D. 2828 
Ha of farmstead on the -0. 5227 
plot  
D i stance to nearest -0 . 2214 
road 
Ha of po11d ba s i n  1 . 1 378 
Depth rat l n�  2 
Ha of pond btsi n  
Mi ssouri cotca u 
Census t ime of day 
Gra z i ng I ntens i ty 
�.l !.oli..�.!!l and 
�� 
Cover type 3 
Number of dry ba, Ins 
on the p lot  
Percent s urface w1ter 
Ha of pond surface 
water 
Shore l i ne d i s tance 
Eir.ergcnt vi,9etetlon 
he i ght 
Mi ssouri cotcJu 
Ha of pond surface 
water 
0 . 2 397 
- 1 , 1 9 19  
-0. 4279 
0 . 205 1  
0 ,  2�10 
-0 . 2208 
0 . 2482 
-0 . 2058 
-0 . 2�58 
0 . 5736 
- 1 . 1 7 18 
-0 . 2%6 
-0 . 2096 
0 . 64 13  
� .r.11. :�.F.· - 0 . 2 1 3 5  
Sc"thcrn p la te�u -0. 1801 
H""ber of art l f 1r. f a 1  0 . 1 7 3 1  
wet l end� w l  t h  ·,urf�,c 
w•ter on th, � l o t  
Ha of  tur fn,; r, wHer -0 .  1%� 
o f  naturA I wr t l o11ds on 
the plut 
Ha of fa,·m ; tcJ� nn t h� 0. 1 174 
p lot  
Group llc,ms wf thout 
(A l  and wi th ( 0 1 
incti r a l cd brt,ed 1 ng 
-7i!.J.l';_t:5�--
266 . 00 
0 . 39 
0 . 4 4  
I .  5 7  
0. 12 
0 . 1 9  
8 . 57 
0. 59 
0 . 73 
0 . 10 
14 , 59 
2 . 01 
0 . 09 
0 . 09 
0 . 55 
7 4 . 46 
0 . 57 
2114 , 00 
20 . 00 
0. 1 1  
0 ,  4 7  
0 . 1 7  
1) . 1 1  
0 .  76 
0 . 09 
0 . 10  
584. 00 
o. 20 
1 . 25 
l . 14 
0 . 17 
2 . 42 
7 . 96 
1 .  66 
2 .  5 1  
o .  3� 
1 3 . 23 
I .  84 
o . 25 
O .OG 
I. 34 
7 5 . 62 
1 . 79 
679 . 00 
48 .00 
0 . 22 
I .  55 
o. 30 
0 . 20 
0 . 45 
0 , 4() 
3 . 62 
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TABLE J. (cont inucd) 
Ponds w1  th 5� 74. 5 - l .  0008 
Gadwal l  
Ponds wi thout 300 98. 0 0. 1835 
GadwJ 1 1  
Total 355 8£ . 8  
Pe:nds with 26 
Amer i can ki9ccn 
84. 6 l .  2 195 
Ponds w i thout 329 99. 1 ·O. 0964 
Ameri can l.'igecn 
Tota l 355 93 . 0 
Pond� .: i th !4 50. 0  - 2 . 8493 
Northern Sh�veit, 
Ponds wl thc,ut 34 1 97. 7 0. 1 170 
Northern Shoveler 
Total 355 S5. 8  
Ponds with Green- 1 1  27 . 3  · l . 70G6 
Wi nged Tea l 
Ponds w1 tr.out 34� 9C. 3 0. 0546 
Green·W I r,ged i ea 1 
Total m 9ti. l 
� 
Deµ'lh ra t i ng 5 
Toopera ture 
Ha of road on t�e � lot  
Ha of pond open water 
Ha of  pond surface 
water 
t1i ssour1 coteau 
� ,v_a� ar.d - �  
Di stance to nearest 
fannstead 
Northern plateau 
Ha of road on the p lot  
Cover type 2 
�s- � and - �  
Cover type 3 
Carex fil· 
Pol,r,99.!!!!!!: �. 
Ila of trcclcnd on 
the plllt 
Ha of pond bas 1 n 
Ca rcx �-
Depth ra t i ng 5 
Ha of surface water of 
natural �etlands on 
the plot  
Ha  of farmstead on 
tilt: plot 
Num�er of natura 1 wat-
1 ands wi th surface 1·1a ter 
on the :,lot  
gj.r.,P.US �V�.!_� 
Ha of sm� 1 1  �ra in  on 
on the p l ot 
fil..l'!!. ill· 
Cover t1pe 
Er.iergcnt ve;�tat 1 on 
height 
Numt11r of  dry bas i n� on 
the plot 
Cover type 3 
Shorel I nc D i s tance 
Cen,us t lmc of dlJ 
-0. 1 3:19 
-0 . 1403 
-0 . 14 1 6  
- 1 . 5272 
l. 0364 
-0. 42 12  
·0 . 2321 
·0 .4336 
·0. 3 120 
·0 . 28 1 1  
-0. 2400 
0 . 7;'31  
·0 . 4 703 
0. 5231 
-0. 31 7 9  
0. 2764 
-0. 56'13 
-0. 4 1 44 
-0 . 4221  
-0. 5280 
0. 2499 
0. 3 144 
o. 2537 
-0 . 2 1 77 
-0. 2546 
o. 2032 
·O. �324 
·0. �092 
o. 5036 
·0 . 4 7 i4  
0. 1 lti l  ·----·------
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0 . 00 0 . 0 1  
2 1 .  70 22. 50 
0 . 2 0  0. 3 1  
0 . 52 l. 18 
O . b9 l .  39 
0 . 12  0. 27 
0. 14  0 . 33 
8 . 22 8 . 6 5  
0 . 2 1  0 . 29 
0. 22 0 . 29 
0 . 1 5  0 . 27 
0 . 1 5  0 . 46 
0. 10 0 . 00 
0. 0 1  0 . 12  
0. 04 0 .00 
0 . 3 1  1 . 6 1  
0 . 95 4 . 1 5  
0 . 0 1  0 . 2 1  
0 .00 0 . 07 
0 . 1 5  1 . 1 1  
1 . 23 o . oo 
0. 68 0 . 64 
0 . 02 0 .00 
2 . 14 5 . 18 
0. 1 5  0 . 50 
0. 09 0. 1 4  
27 . 58 66 . 7 3  
0. 83 2 . 18 
0. 09 0 . 09 
391 .  00 842 . 00 
14 .  22 1ua 
correlated with ponds dominated by roundstem bulrush (Scirpus acutus 
and �· validus ) and cattail (Typha spp . )  in scattered dense patches or 
diffuse open stands. 
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The negative sign of the regression and discriminant coefficients 
indicated that numbers and occurrences of pairs decreased with increasing 
surface area . This was not the case . lntercorrelation between surface 
water area and shoreline distance (r = 0 . 87 )  caused regression and 
discriminant coefficients to be negative . Surface water area was 
signif icantly (P<0. 01 ) and positively correlated (r = 0 . 24 )  with 
mallard pairs. 
Surface water area accounted for only six percent (R2 ) of the 
variation in mallard pairs ( Figure 2 ) .  Thi s  low percentage of shared 
variance and gentle sloping curve could account for the relative 
stability in numbers and density of pairs over the four years while 
surface water area varied considerably (Appendi x  C ) .  Densities of 
mallard pairs fluctuated less from year to year than densities of blue­
winged teal, American wigeons, northern shovelers, and green-winged teal . 
Mallard pairs used ponds that averaged 1 . 25 ha in surface area. 
This mean was significantly ( P<0.005) different from the mean surface 
area of ponds not used (0. 44 ha ) .  Mallard pairs used smaller ponds 
more efficiently in terms of pairs per unit area . 
Mallards were the only species significantly fitted by a curve on 
pond age (Figure 3) . Pond age accounted for more of the variation 
(R2 = 0 . 12 ) in mallard pairs than did surface water area. Ponds 
o1 der than 16 years were used less by mallard pairs. 
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Census t ime of day accounted for as much vari at i on i n  mallard 
pairs as d i d  surface water area (Fi gure 4 ) . Pai r  use was greatest 
before 0700 Central Daylight Ti me and least after 1900 CDT. The linear 
relationsh i p was not si gn if icant and d id  not represent the true 
relati onsh i p  between t ime of day and response by pa i rs. The 
curvilinear response of pai rs to t i me of day explai ned why t i me of 
day did not enter the multiple regressi on equat i on or discri minant 
funct i ons as a si gn if icant vari able. 
Pintail 
Ten variables accounted for 33 percent (R2) of the variation in 
numbers of indicated pinta il  pairs per pond (Table 2) . The first f ive 
variables accounted for 28 percent of the variat i on. As basin area 
and open water area increased, numbers of pairs per pond increased. 
P intail  pairs were most abundant on ponds in  the M issouri Coteau with 
scattered dense patches or d iffuse open stands of emergents ( cover 
type 2). 
Nine variables correctly class if ied 66 percent of the ponds with 
p inta il  pairs present (Table 3). D iscr iminant analysi s  also indicated 
that more pintail pairs were observed on larger bas ins. Mean basin 
area of ponds used was 2 . 51 ha compared to 0. 73 ha for ponds not used. 
P inta il  pairs tended to be present on ponds located in the M issouri 
Coteau w ith roundstem bulrush as a domi nant emergent but were absent 
on ponds i ntensively grazed or wi th a peripheral band of emergents 
surrounding the shore. 
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The number and area of natural ponds on the plot were positively 
associated with the number of pairs using stock ponds {Appendix D). 
Pairs were positively correlated with diversity of wetlands and number 
of dry basins on the plot. 
Surface water area was significantly (P<0.01) and positively 
correlated (r = 0. 20) with pintail pair abundance but the sign of the 
regression and discriminant coefficients indicated that numbers of 
pairs decreased with increasing surface area. Regression and 
discriminant coefficient signs were not the same as the sign of the 
simple correlation coefficient because of intercorrelations with 
previously entered variables. Pintail pairs used ponds with a mean 
surface area of 1. 79 ha while ponds not used averaged significantly 
(P<0. 005) lower (X = 0. 57 ha). A curve fitting pintail pair response 
to surface water area was similar to the curve fitting response by 
mallard pairs (Figure 5). 
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Numbers of pintail pairs per pond increased with increasing 
shoreline irregularity (Figure 6). Pintail pairs responded linearly 
and positively to increasing shoreline development. Shoreline distance 
did not enter either the discriminant or regression equations due to 
correlation with previously entered variables . 
Blue-winged teal 
Eight variables accounted for 47 percent (R2) of the variance in 
blue-winged teal pair abundance (Table 2).  Shoreline distance alone 
accounted for 32 percent (R2) of the variance in pairs. Numbers of 
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blue-winged teal pairs increased with increasing shoreline distance 
and basin area. Presence of sedges (Carex spp . ), roundstem bulrush, 
and spikerush (Eleocharis spp. ) on the ponds was positively associated 
with use by more pairs. Pairs were less abundant on ponds located 
on plots with large farmsteads. Discriminant and regression 
coefficients for pond open water area were negative due to 
intercorrelations . 
Twelve variables correctly classified 55 percent of the ponds 
which had at least one pair of blue-winged teal present (Table 3). 
Pairs were present on ponds with mean shoreline distance (X = 597 m) 
twice as large as the mean shoreline distance of ponds not used 
(X = 274, P<0.005). Numbers of pairs per pond increased with 
increasing emergent vegetation height . Ponds located in the 
Missouri Coteau and Southern Plateau were used more than ponds in the 
other two strata. Pairs tended not to use ponds where the number of 
other artificial basins on the plot was large and where farmsteads 
were large. 
Emergent vegetation height and kinds were more highly correlated 
with blue-winged teal pairs than for mallard and pintail pairs 
(Appendix O). Blue-winged teal pairs were negatively correlated (r) 
with numbers and area of surface water of artificial wetlands but 
were positively correlated (r) with area of surface water of natural 
wetlands on the plot. Upland habitat variables were not significantly 
correlated with pair use . 
Shoreline distance per unit surface area accounted for 13 percent 
29 
It . 
30 
(R2) of the variance in blue-winged teal pairs (Figure 6). The fitted 
line was significant (P<0. 01) and positively related to use by more pairs. 
Blue-winged teal pairs were more highly correlated (r = 0. 54) with 
surface water area than any of the other variables except shoreline 
distance. Surface water area did not enter the regression equation due 
to correlations with previously entered variables. L ikewise, 
intercorrelations caused surface area in the discriminant function to 
be related to ponds not used by pairs. Blue-winged teal pairs were 
positively related to ponds with greater surface area. The mean surface 
area of ponds with blue-winged teal present was 1. 54 ha. The mean 
surface area of ponds without teal (X = 0. 47 ha) was significantly 
(P<0. 005) smaller than those with teal. 
Surface water area accounted for 30 percent (R2) of the variation 
in blue-winged teal abundance (Figure 7). This high percentage and 
steep slope may explain the greater fluctuation in total numbers of 
blue-winged teal pairs observed on stock ponds over the four years 
(Table 1, Appendix C). 
More blue-w inged teal were observed from mid-morning (0900) to 
early afternoon (1500) than during any other part of the day. This is 
consistent with discriminant analysis results which indicated that 
temperature was an important vari able associated with ponds having at 
least one pair of blue-winged teal. Higher temperatures corresponded 
with time of day when peak numbers of pairs were observed on ponds. 
Temperature and time were significantly (P<0 . 01 , r = 0. 17) correlated 
w ith each other. 
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Gadwall 
S i x  vari ables accounted for 31  percent of the var i at i on in  gadwall 
pair abundance (Table 2). The presence of sedges was the s ingle best 
variable explain ing gadwall pai r  use. Ponds hav ing sedges and 
emergents scattered i n  dense patches or d iffuse open stands (cover 
type 2) were used by more pa i rs than ponds wi thout emergents. As pond 
open water area i ncreased, numbers of pa i rs per pond i ncreased . 
Di scriminat ion between ponds w ith gadwall pai rs and ponds wi thout 
pairs was good usi ng e ight vari ables (Table 3). Seventy-five percent 
of the ponds used by pa i rs were correctly classif ied. Pairs tended 
to be present on ponds w ith more open water area (X = 1. 18 ha). Ponds 
located i n  the M i ssouri Coteau and Northern Plateau were more li kely 
to have gadwall pairs than ponds i n  the other two strata. 
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Wetland di versi ty and surface area of natural ponds near stock 
ponds are potenti ally i mportant vari ables posi t i vely correlated (r) 
w ith numbers of gadwall pairs per pond (Appendi x  D}. However, these 
vari ables d id  not enter e i ther the regression or discr imi nant functi ons 
as statistically si gni fi cant. 
The si gn of the regressi on and discriminant coeffic i ents for 
surface water area ind icated that numbers of pa i rs decreased wi th 
i ncreasi ng surface area. Agai n, th i s  was due to i ntercorrelati ons 
w ith previously entered vari ables. Gadwall pa i rs were pos i tively 
correlated (r � 0. 17) w i th surface area. The mean surface area of 
ponds on which at least one pai r  of gadwall was observed was 1.39 ha. 
Thi s  was si gn if icantly (P<0. 005) greater than the mean surface area 
of ponds lacking gadwall pairs. Again, smaller ponds were increasingly 
more efficient in amount of surface area utilized (Figure 8). 
Unlike pintail and blue-winged teal pairs, gadwall pairs responded 
non-linearly to increasing shoreline development (Figure 6). The cubic 
relationship was significant (P<0.01) and accounted for 22 percent of 
the variation in gadwall pairs. Pairs were most abundant on ponds 
with shoreline development of about 2.2. Ponds with twice the 
shoreline distance necessary to just enclose the surface water area 
were used by more gadwall pairs than ponds with greater or less 
shoreline development. 
American wigeon 
Five variables accounted for 12 percent (R2) of the variation 
in pair abundance using multiple regression analysis (Table 2) . 
The presence of sedges and roundstem bulrushes on the pond accounted 
for most of this variation. Pairs were more abundant on ponds where 
these emergents were dominant. Pairs were absent on ponds with a 
peripheral band of emergents. 
Eighty-five percent of the ponds having American wigeon pairs 
were correctly classi fied using five variables (Table 3). Pairs 
were observed on ponds having roundstem bulrush and sedges as 
dominant emergents but were absent from ponds with a peri pheral band 
of emergents. Pairs tended to occur on ponds located on plots with 
tree land . 
American w igeon pairs were least li ke pairs of any other species 
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in terms of the kinds of independent variables which were significantly 
correlated with numbers of pairs per pond (Appendix D) . Wetland and 
upland habitat variables were not significantly correlated with pairs. 
Pond open water area and emergents in scattered dense patches or 
diffuse open stands (cover type 2) were the only wetland habitat 
variables correlated with pair abundance. 
American wigeon pairs were positively correlated with number of 
natural ponds in the vicinity of the stock pond but were negatively 
correlated with numbers of artificial basins in the same area 
(Appendix D). Pairs were positively correlated with ponds located 
in the Northern Plateau. 
Surface water area was not significantly correlated with numbers 
of pairs per pond {Appendix D) nor was it significant in either 
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multiple regression or discriminant functions. However , a curve 
significantly (P<0. 05) explained pair response on surface water area 
(Figure 9) . Pairs were not observed on ponds larger than 5 ha in surface 
area. There was no significant difference in the surface area of ponds 
used by pairs (1. 08 ha) and surface area of ponds not used (0. 77 ha). 
Ponds with surface area less than 1. 0 ha had higher numbers and densities 
of pairs than ponds between 1. 0 ha and 2. 0  ha in surface area. 
Northern shoveler 
Ten variables accounted for 35 percent (R2) of the variation in 
abundance of northern shoveler pairs (Tab le  2) . Pond basin area 
accounted for more of this variation than any other variable . Numbers 
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of pairs per pond increased with increasing basin area. Pairs were 
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more abundant on ponds with sedges and roundstem bulrush than on ponds 
with river bulrush (Scirpus fluviatilis ). Pairs per pond increased with 
increasing surface area of natural wetlands on the plot but decreased 
with increasing numbers of natural wetlands and area of farmsteads. 
The discriminant analysis results showed the same trend as 
multiple regression results with pairs present on ponds with larger 
basin area (X = 4. 15 ha ). Fifty percent of the ponds used by 
indicated pairs were correctly classified using 10 variables. Ponds 
used tended to have sedges and cattail but not river bulrush. Pairs 
tended to occur on ponds located on plots wi th more surface area of 
natural wetlands (X = 1.15 ha versus 0. 15 ha ) than on ponds not used . 
Ponds located on plots with larger area of small grain but smaller 
farmsteads tended to have pairs present. 
Correlation coefficients (r) were signi ficant (P<0. 01 )  for nearly 
the same set of independent variables as were gadwall pairs (Appendix D). 
Northern shoveler pairs were negatively correlated with number of 
artificial wetlands but were positively correlated with number of 
natural wetlands on the same plots. The larger the surface area of 
these natural wetlands the more northern shoveler pairs were present 
on stock ponds. Pairs were also positively correlated with ponds 
located in the Missouri Coteau. Missouri Cotea u stock ponds were 
positively correlated with greater wetland diversity (r • 0. 43 ) and 
greater number of dry basins (r • 0. 40 ) (Appendi x  E ) . 
Surface water area accounted for a greater proporti on of the 
variation (R2 = 0. 54) in numbers of northern shoveler pairs per pond 
than for any other species using polynomial regression (Figure 10). 
Yet, surface area did not enter either the linear regression or 
discriminant functions due to intercorrelations with such variables 
as pond basin area {r = 0. 92).  Hectares of surface water would have 
entered as the best variable accounting for more variation in pair use 
than any other had hectares of pond basin been omitted from the 
analysis. Mean size of ponds used {3.15 ha) was significantly 
different (P<0. 005) from the mean surface area of ponds not used 
(0.70 ha). The mean surface area of ponds used was larger than the 
mean for any other waterfowl species studied. 
Green-winged teal 
Five variables accounted for 13 percent (R2) of the variation in 
green-winged teal pair abundance {Table 2). All five were positively 
correlated with numbers of pairs. Numbers of green-winged teal pairs 
per pond increased with increasing basin area and area of fallow on 
the plot. 
Five variables correctly classified 27 percent of the ponds 
used by green-winged teal pairs (Table 3). Pairs used ponds with 
emergent vegetation twice as tall as the mean vegetation height 
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of ponds with pairs absent. On the average, green-winged teal pairs 
used ponds with three times as many dry natural basins on the plot as 
the number of dry basins associated with ponds not used . Mean shoreline 
distance of ponds with pairs present (X = 842 m) was twice as l arge 
l'. 
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as the mean distance of ponds not used (X = 391 m, P<0. 005). 
Number of pairs was signi ficantly correlated (r = 0. 17} with 
surface water area (Appendix D) but was not a signi ficant variable i n  
either the regression or d iscriminant functions. Pair response on 
surface water area could not be significantly (P<0. 05) fi tted by a 
curve. 
Early-nesting species 
Discriminant ana l ysis was used to distinguish between ponds used 
by mallard pairs and ponds used by pintail pa i rs. S i x  var i ables 
correctly classified 91 percent of the ponds with mallard pa i rs 
present and 26 percent of the ponds wi th p inta i l  pa i rs present 
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(Table 4) . P i ntail pa irs tended to occur on ponds wi th a greater 
d i versi ty of associ ated wetlands than d id  mallard pa i rs .  P intail pa irs 
also occurred on larger basi ns than mallard pairs . Mean basin area of 
ponds used by pinta i l  pa i rs (X = 2 . 51 ha ) was si gnificantly (P<0. 05 ) 
d ifferent from the mean bas in  area of ponds used by mallard pairs 
(X = 1. 66 ha). Ponds located further from farmsteads tended to have 
more mallard pa i rs and fewer p inta i l  pairs. Pintail pairs were less 
l i kely to be present on ponds with the shoreline obscurred by a dense 
band of peri pheral emergent vegetat ion .  
M i d- and late-nesting speci es 
Discrimination was not good between ponds ut i lized by di fferent 
species of mid- and late-nesting ducks (Table 5) . Overal 1 ,  50 percent 
l atile ·1 . D i scri"'i n,mt 'lnil lys i s tietween ponds wi th one or more i nd i cated pa i rs of mal l ard and ponds w i th one or more 
i nr1 i c.ated pa i rc; o f  p inta i l .  1973 - l 'Y /6 .  Al l var i ab les were s i gn i f i cant  ( P<0. 10 )  us ing  Rao ' s  V .  
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of the ponds were correctly classified using 11 variables. An 
ordination of these species on the discriminating variables helps 
clarify the relationships between pairs and habitat (Figure 11). 
Northern shoveler and blue-winged teal pairs were observed on ponds 
with larger basin area than gadwalls and American wigeons. Mean basin 
area of ponds used by these four species wa s northern shovelers 
(4. 15 ha), blue-winged teal (2. 05 ha) , gadwalls (1. 63 ha), and 
American wigeons (1. 37 ha) .  Blue-winged teal and northern shoveler 
pairs tended to be present on ponds with variable water levels while 
gadwall and American wigeon pairs were present on ponds with stable 
water levels at the normal high water mark. Northern shoveler pairs 
were present on more ponds which had water l evels above the normal 
high water mark than the other species. Northern shoveler pairs were 
present on ponds located on plots with mean surface area of natural 
wetlands of 1. 11 ha. This was significantly (P<0.05) different from 
the mean surface area of natural wetlands for American wigeon pairs 
(X = 0.13 ha). Blue-winged teal used more ponds located in the 
Southern Plateau and were associa ted with more artificial wetlands 
than were northern shoveler pairs. 
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DISCUSSION 
Differences in percentages of variance explained (R2) between 
species roughly followed the differences in home range sizes. Species 
with smaller home ranges would be expected to spend more of their 
time on fewer ponds so that variability in type of habi tat would be 
less. Habitat variables would be able to account for more of the 
variability in numbers of pairs. Highest percentages of variance 
explained occurred for blue-winged teal (47 percent ) and northern 
shovelers (35 percent) which use relatively smaller home ranges 
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(Gates 1962, McHenry 1971, Poston 1974). Mallards, p intai ls, gadwalls, 
and American wigeons use larger home ranges (Dzub i n  1955, Bellrose 1976) 
and had smaller percentages (26 to 35 percent) of the vari ance 
explained. 
Wetland habitat 
Shoreline distance accounted for more variation i n  mallard 
and blue-winged teal pairs than any other variable. Mallard and 
blue-w inged teal pairs per pond increased with i ncreasi ng shoreli ne 
length. Hochbaum (1944) observed that more breedi ng pai rs used 
wetlands w ith greater shoreli ne length. 
Increasing i rregularity of shoreline appeared to attract more 
breeding pairs. Numbers of blue- winged teal and p inta il  pai rs 
i ncreased proportionatel y  with i ncreasing shoreli ne irregularity .  
Gadwal l pairs per pond d id  not respond linearly to shoreline 
development. Numbers of gadwall pairs per pond may reach an upper 
limit (S. D. = 2. 2) beyond which increasing shoreline irregularity 
has no additional value. More pairs may be observed on ponds with 
longer or more irregular shorelines for several reasons. Bennett 
(1938) and Smith (1955) observed that the number of male waiting 
sites limited the number of breeding pairs using the wetland. As 
shoreline length increased, the number of potential drake waiting 
sites increased. 
Small bays and peninsulas may provide natural concealment between 
adjacent territorial pairs resulting in reduced strife, compressed 
territorial sizes, and increased local population. Drewien and 
Springer (1969) attributed greatest blue-winged teal densities on 
temporary glacial ponds to the greater ratio of edge of shoreline per 
unit surface area. Bue (19 56) believed that stock ponds received 
greater use by breeding pairs than did natural wetlands because stock 
ponds provided more points and inlets for natural territorial 
boundaries. 
More shoreline may indicate more available nesting cover . 
Bennett (1938) noted that there was a positive relationship between 
shoreline length of wetlands used by blue-winged teal and the amount 
of nesting cover within 200 m. Availability of nesting cover may 
positively influence blue-winged teal since blue-winged teal nest 
near water (Sowls 1955, Glover 19 56). Mallard and pintail pairs are 
capable of nesting much further from water yet appear to be positively 
influenced by shoreline distance also . Bue (19 56) found that where 
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adjacent nesting cover was absent, mallards and pintails travell ed 
further to nest without adversely influencing use of the stock pond. 
Apparently, several factors were interacting making shoreline distance 
an important variable associated with pair use. 
Breeding dabbling ducks were more abundant on natural ponds with 
greater surface water area (Hochbaum 1944, Stoudt 1949, Evans et al. 
1952) but more efficiently utilized smaller wetlands (Bennett 1938, 
Evans and Black 1956, Jenni 1956, Stoudt 1969). These same relation­
ships applied to stock ponds (Lokemoen 1972). Lokemoen (1973) found 
that stock pond surface water area was the highest positively 
correlated variable with duck use of any of the habitat variables he 
studied. Flake et al. (1977) found similar results for total breeding 
pairs. It is interesting to note that neither of these two studies 
included pond basin area, shoreline distance, or presence of sedges 
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as independent variables. Each of these variables was more highly 
correlated with one of the seven dabbling duck species studied here 
than was surface water area. The simple correlation coefficients 
indicate that surface water area would have been the highest positively 
correlated variable with blue-winged teal and northern shoveler pairs 
if these three variables had been omitted from the analysis. 
The importance of surface water area to breeding pairs was often 
suppressed due to fractional differences in correlation between the 
wetland habitat variables and correlations (r) with previously 
entered vari ables. Standardized regression and discriminant function 
coefficients indicated surface water area was an important variable 
relative to the other variables entered. Mallard, pintail , and 
gadwall pairs were more abundant on ponds with larger surface water 
area. Surface area was also importantly associated with northern 
shovelers, blue-winged teal, and green-winged teal. 
Flake et al. (1977) found that surface water area was i mportantly 
associated with mallard and gadwall pairs but was of lesser importance 
to blue-winged teal and American wigeon pairs. Emergent vegetation 
variables were associated more with blue-winged teal and American 
wigeons than was pond size. 
Surface water area was not an important variable associated with 
American wigeons but was important to blue-winged teal pairs in this 
study. Blue-winged teal pairs increased in near proportion to pond 
size and appeared to be dependent on surface water area. American 
wigeon pairs may not be influenced by pond size as much as other 
species. The mean size of ponds used by American wigeon pairs was 
not significantly different from the mean size of ponds available . 
Smith (1971) found that American wigeon pairs preferred smaller ponds 
ranging in size from 0 . 24 ha to 0 . 66 ha in Alberta. Stoudt (1971) 
observed that American wigeon pairs appeared to be less affected by 
drought than any other species at Redvers , Saskatchewan . 
Pond basin area accounted for more variance in pintail , northern 
shovel er ,  and green-winged teal pairs than any other variable 
including surface water area . Pairs of these species were more 
abundant on ponds with larger basins. Surface water area in combina­
tion with unknown factors associated with the shore appeared more 
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important to these pairs than the area of surface water alone. The 
area between the high water mark and the actual water mark may be an 
important variable associated with northern shovelers, pintails, and 
blue-winged teal. Blue-winged teal and northern shovelers were present 
on more ponds with 25 percent of the deep marsh zone dry than were 
American wigeon or gadwall pairs. Pintail pairs used more flooded ponds 
than did mallard pairs. Shallow water has been shown to be an important 
characteristic of pintail breeding habitat (Smith and Stoudt 1968) . 
Smith (1970) concluded that pintails preferred types of wetlands that 
were subject to seasonal and annual instability. 
Emergent vegetation 
Genera, height, and interspersion of emergent vegetation were 
important variables associated with breeding pair use of stock ponds. 
The presence of sedges accounted for more variation in numbers of 
gadwall and American wigeon pairs than any other single variable . 
Sedges were positively correlated with gadwall, American wigeon, 
blue-winged teal, and northern shoveler pairs. Sedges were not 
significantly associated with early-nesting mallard and pintail pairs 
presumably because sedges had not emerged at the time of t he early 
pair counts. Emergents p rovide food and cover and may be related to 
abundance and availability of invertebrates (Mendall 1958). Keith 
(196 1) found seeds of sedges were a food item for northern shovelers, 
mallards, blue-winged teal, and green-winged teal. 
Roundstem bulrush was an important variable positively correlated 
with each breeding waterfowl species studied. Pairs of pintail, 
gadwall, and American wigeon used more ponds with roundstem bulrush 
than ponds without this emergent. The presence of roundstem bulrush 
was the best single variable distinguishing between ponds with and 
without American wigeon pairs. Flake et al. (1977) found emergents 
were associated with American wigeon pairs using stock ponds in Harding 
County, South Dakota. Achenes of roundstem bulrushes are an important 
food item for ducks (Bennett 1938, Keith 1961}. Roundstem bulrush may 
have other values such as brood rearing cover and roosting cover. 
Stock ponds with spikerush received greater use by blue-winged 
teal pairs than those without. Keith (1961)  observed that seeds of 
spikerush were the preferred food of dabbling ducks on his study area 
in Saskatchewan. 
50 
The interspersion pattern of these emergent species also appeared 
to be important to pairs. Mallard, pintail, blue-winged teal, gadwall ,  
and American wigeon pairs were positively correlated (r) with 
scattered dense patches or diffuse open stands of emergents. More 
pairs of pintail and gadwall occurred on ponds with this cover type 
than on completely open ponds . Pintails , American wigeons, northern 
shovelers, and green-winged teal tended not to use ponds surrounded 
by a dense band of emergents. Open shorelines may have been used 
because more loafing sites were available . Bue et al . ( 1 964) stated 
that shallow protected shorelines produced tall emergents such as 
cattail and roundstem bul rush which were not attractice to pairs. 
Keith (1961) observed that cattail-bordered ponds supported the fewest 
breeding pairs per unit of shoreline and that blue-winged teal were 
least affected by differences i n  shoreline type . Stock ponds devoid 
of any shoreline vegetation also received little use by breeding 
waterfowl (Bue et a l .  1952, Lokemoen 1973). 
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Open water lacking dense emergents appeared to be a n  important 
criterion for use by all pairs . Open water area was significantly 
(P<0. 01) and positively associated with numbers of pairs of all species. 
More pintail, blue-winged teal, gadwall, and northern shoveler pairs 
occurred on ponds with larger open water area. Open water area was 
particularly important to gadwall pairs. Breeding waterfowl may avoid 
wetlands with congested dense stands of emergents (Bue 1956, Evans 
and Black 1956, Smith 1969). 
Blue-winged teal may not be as selective in regard to shoreline 
vegetation as other pairs. Blue-winged teal were positively correlated 
with both sparse and dense shoreline cover types but neither was a 
significant variable in accounting for more blue-winged teal pairs 
using a pond. Blue-winged teal were positively correlated with 
cattails. 
Mallard pairs were more likely to use ponds with a peripheral 
band of emergents than were pintails. Pintails preferred more open 
shoreline with exposed edges and open water than did mallards 
(Hochbaum 1944, Sowls 1955). Smith (1969) believed pintail pairs were 
much more specific in their habitat needs than mallards, preferring 
grassy, open ponds while mallard pairs used a var i ety of habitat 
types . Stoudt (197 1) suggested that more cl osed ponds may have been 
selected by mallards because of the isolation afforded by the 
peripheral vegetation. 
Grazing of the shoreline may open up dense stands of emergents 
and thus be beneficial to breeding pairs (Bennett 1938, Sowls 1955, 
Smith 1971, Rundquist 1973). Stoudt (1971) observed that ponds with 
ungrazed margins were used more frequently by mallards and blue-winged 
teal than were ponds with grazed margins. Flake et al. (1977) 
concluded that gadwall pairs were positively associated with trampled 
and bare-soil shorelines. 
In this study we found that gadwall and American wigeon pairs 
tended to use ponds with more of the shoreline grazed than did 
northern shovelers. Gadwall and American wigeon pairs were less 
abundant on ponds with a dense peripheral band of emergents. 
Mallard and pintail pairs were less abundant on stock ponds 
where the periphery was grazed more intensely. Pairs of these species 
were more abundant on ponds in ungrazed or only lightly grazed 
pastures. Over-grazing is detrimental to breeding waterfowl use of 
stock ponds. Salyer (1962) and Kirsch (1969) have observed more pairs 
on wetlands on ungrazed land than on grazed land . Bue et al. (1964) 
concluded that over-grazing of stock ponds not only reduced the 
occurrence of desirable nesting cover species but also reduced the 
density-height conditions necessary to nesting waterfowl. Duebbert 
and Kantrud (1974) have shown that the type of cover available to 
dabbling duck hens at the beginning of nesting was an important factor 
in nest site selection . Jahn and Hunt (1964) have observed that 
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breeding mallard pairs i n  W iscons i n  were most abundant on wetlands 
where adjacent nesti ng cover was abundant. Smi th (1971 ) found that 
mallards d i d  not use the heavily grazed open shorelines if  other areas 
we re av a i l ab 1 e. 
Emergent vegetat i on height was pos i t ively associated with all 
species of breedi ng pai rs except Ameri can wigeons. Mallard pai rs were 
more abundant on ponds wi th taller emergents. Blue-wi nged and 
green-w i nged teal tended not to use ponds which had shorter emergent 
vegetat i on. 
Ke i th (1961) noted that presence of resi dual upland cover from 
previous years may be extremely i mportant to early nesting pai rs .  
Gjersi ng (1975)  observed that pair populati ons seemed to respond 
posi t ively to increased resi dual vegetation resulting from rest 
rotat ion grazing. Kadlec (1962) noted that resi dual vegetation must 
be present i n  early spring for maxi mum breeding pair use . He also 
observed that resi dual vegetation collected snow in winter which 
resulted i n  thi nner ice and earli er spring thawing. Early thawing 
provided open water for early arriving pairs which influenced 
selection of breed ing areas. Mundinger (1976) found that greater pai r 
use occurred i n  years followi ng a rest period from grazing on pastures 
which he felt was due to increased residual vegetation. 
Wetland associat i on 
A variety of wetlands i n  the home range may be necessary to 
provide all the breeding habi tat requirements of pai rs (Dzubin 1969a). 
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We found that the number of wetland classes on the plot was an 
important variable associated with breeding pair use of stock ponds. 
Pintail, gadwall, and American wigeon pairs may require greater 
wetland diversity to satisfy a greater variety of specific breeding 
habitat needs. Characteristically larger home range sizes for these 
species may be the result of the need for greater wetland diversity. 
Blue-winged teal and northern shoveler pairs may have needs which are 
met on one or two ponds and do not require a diversity of wetlands. 
No literature evidence could be found to support this hypothesis. 
Mallard pairs were inversely correlated (r) with numbers and 
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areas of artificial wetlands on the plot and with wetland diversity. 
Mallard and American wigeon pairs were not correlated (r) with numbers 
or areas of surface water of natural wetlands on the plot. Mallard 
pairs may prefer more isolated ponds (Evans and Black 1956) . Stock 
ponds associated with the least number of other wetlands would offer 
the least chance of interspecific disturbance. A large number of other 
wetlands with open water on the plot could negatively influence mallard 
pair use of stock ponds located in the same area. Conversely, it is 
possible that mallard pairs use more i solated ponds because of their 
larger home range size (Lokemoen 1973). Out- l ying ponds would tend to 
be used more by those species with larger home ranges. 
At least two other explanations are poss ible . More mallard pairs 
may be using isolated ponds because pairs were being crowded onto the 
available water areas. Also, fewer mallard pairs may use stock ponds 
when pai rs could disperse onto many associated natural wetlands. 
located nearby. Evidence to support these explanations is lacking. 
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Too many man-made wetlands on the plot may negatively influence 
pair use on a particular stock pond. The number and surface area of 
the other stock ponds and dugouts on the study plot were negatively 
correlated (r) w ith mallard, blue-winged teal, gadwall, northern 
shoveler , and American wigeon pairs. It was also possible that as the 
number of other artificial basins on the plot increased, pairs spaced 
themselves (territoriality) on all available ponds such that use of any 
given pond decreased. Numbers or surface areas of natural wetlands 
were positively correlated (r) with pintail, blue-winged teal, gadwall, 
and northern shoveler pairs on stock ponds. Natural ponds may provide 
some pair requirements not available on man-made ponds. 
Northern shoveler pairs may prefer stock ponds associated with a 
few large natural wetlands rather than many small wetlands. Surface 
water area of natural wetlands on the plot was positively correlated 
with numbers of northern shoveler pairs but pairs tended to be present 
on ponds located on the plots with fewer natural wetlands. Larger 
ponds definitely have the advantage in being more permanent, thus 
offering more brood security. It was also possible that a greater 
number of natural wetlands on the plot allowed northern shoveler pairs 
to be more dispersed with fewer numbers being present on a stock pond 
at any given time. Fewer but larger natural wetlands on the plot 
wou ld  be used less with more pairs using the stock pond. I could 
find no evidence to support either explanation. 
Numbers of dry basins associated with breeding pairs may indicate 
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crowding on stock ponds as a result of pairs homing to dry wetlands 
or crowding on stock ponds as a result of other wetlands drying up . 
Pintails, gadwalls, and green-winged teal were positively correlated (r) 
with number of dry basins on the plot. Pintail pairs were more 
abundant on ponds associated with more dry basins. Sowls (1955) 
found highest percentages of returning hens to Delta, Manitoba, for 
pintails, gadwalls, and northern shovelers while smallest percentages 
were for blue-winged teal and mallards. Gates (1962) calculated high 
homing rates for gadwall hens to Ogden Bay, Utah. Thus, the pintail and 
gadwall pairs observed on stock ponds in this study may have been 
forced to use stock ponds when basins they were homing to became dry. 
Physiographic strata 
Some geographic preference by breeding waterfowl has been noted 
in South Dakota (Ruwaldt 1975 , Brewster et al. 1976) .  Edminster ( 1964) 
observed that stock ponds located in the traditional flyway of 
waterfowl were more likely to be used than ponds located outside the 
original range. In  this study, geographic location of stock ponds was 
an important variable associated with use by different species. All 
pairs except American wigeons and green-winged teal were more common on 
stock ponds in the Missouri Coteau. The Missouri Coteau, by nature 
of its location in the Prairie Pothole Region, has more natural 
glacial wetlands and a more integrated wetland system than the 
west-river strata. Pairs could prefer stock ponds located in 
this stratum because of the complex of associ ated natural wetlands. 
However, numbers and types of wetlands on the plot with stock ponds 
should have accounted for most of this variation but usually entered 
the regression and discriminant functions after the strata variables. 
This indicated that other variables not measured in this study 
influenced the geographic distribution of pairs on stock ponds. 
Upland habitat 
Upland habitat variables were not as highly correlated with 
breeding pairs using stock ponds as wetland association variables. 
Mallard pairs were less abundant on ponds located on plots with a 
large area of fallow but were positively associated with area of 
small grain on the plot. Pintail pairs were most abundant on ponds 
adjacent to large amounts of pasture. Northern shoveler pairs 
were more abundant on ponds with up l and areas in small grain. 
American wigeon pairs tended to use ponds l ocated on plots with 
tree land. 
Stoudt (1971) found that mallard pairs at Redvers, Saskatchewan, 
were more abundant on ponds in cultivated l and as opposed to pasture 
where pintai l ,  blue-winged teal, and canvasback were more abundant. 
Smith (1971) found that American wigeon pairs were more abundant on 
natural ponds surrounded by hayland and ungrazed woodland . Similar 
results for mal l ard, p i ntail, and American wigeon pairs were found 
in this study. 
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Disturbance 
Roads located on the plot did not appear to adversely disturb 
breeding pairs. In fact, pintail pairs were positively correlated (r) 
with hectares of roadside. Gadwall pairs tended to use ponds located 
on plots with more roadside area. Mallard pairs were more abundant on 
stock ponds located near roads. Roadsides may be important nesting 
cover for all dabbl ing duck species (Smith 1971) .  Milonski (1958) 
has shown that roadsides were preferred nesting cover for pintail 
pairs. 
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Disturbance due to human activity around farmsteads may negatively 
influence pairs of some breeding species. Gadwall and American wigeon 
pairs tended to use ponds located further from occupied farmsteads 
than did northern shovelers, green-winged teal, and blue-winged teal . 
Gadwall pairs were more abundant on ponds located further from 
farmsteads. Mallard pairs were more likely to use ponds located 
further from farmsteads than were pintail pairs. This would indicate 
that mallards, gadwalls, and American wigeons preferred stock ponds 
isolated from farmsteads while pintails, northern shovelers, blue-winged 
teal, and green-winged teal were less affected . 
Time and temperature 
Mallard pair use of stock ponds increased with increasing pond 
age but pair use declined after about 16 years. Lokemoen ( 1973) found 
that mallard pairs using stock ponds in North Dakota were positively 
related to pond age with ponds less than five years old being used less 
by pai rs. He suggested that removal of vegetation and lack of 
nutrients follow i ng construction caused younger ponds to be used less. 
T i me of day may also be an important factor influencing use by 
pairs. Lulls and peaks of use by mallard pairs occurred at times when 
pairs were l ikely to be returning from or go ing to feeding areas. 
Mallard pai rs may have been going to f i elds to feed or nest from 600 
to 900 CDT and from 1800 to 2100 CDT. 
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Hochbaum (1955), Bossenmaier and Marshall (1958), and Winner (1959) 
observed that ducks feeding i n  upland areas tended to concentrate 
their feedi ng flights i nto two daily per i ods, one during early morning 
and the other during late afternoon or evening. Dzubin (1969a) 
observed that pairs left census ponds in early morning to fly to 
nesting cover. He observed that mallards, pintails, and American wigeons 
were not observed on study ponds in evening and morning because they 
fed on gra i n stubble at these times . Mallards and pintails were 
especi ally prone to leave ponds after 1800 hours. 
Blue-wi nged teal pairs were more abundant on stock ponds during 
mid-day. Drewien (1968) found that blue-winged teal hens left the 
nest in afternoons for as much as four hours to feed and rest before 
returning i n  the evening. Klett and Kirsch ( 1976) found that mid-day 
counts of blue-winged teal were lower than during early morning and 
evening. However, the number of lone drakes observed at mid-day 
increased as the breeding season progressed. Lacy ( 1959) found 
greatest differences between morning and mid-day pairs per unit of 
artificial water area early in the season when pairs were selecting 
nesting sites. Later in the season when nests were initiated, lone 
drakes and pairs remained longer on man-made ponds though peak 
occupancy still remained in early morning. 
More mobile species were less abundant on ponds when temperatures 
were higher. More pintail and mallard pairs were observed on ponds 
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early in the day when temperatures were cooler . Green-wi nged teal, 
blue-winged teal, and northern shovelers used ponds when or where 
temperatures were higher than did gadwalls and American wigeons . Maximum 
use of the stock pond at different period of the day would allow maximum 
coexistence by the various species with least amount of i nterspecif ic  
disturbance. Sowls (1955) has observed that two or more pairs may use 
the same loafing spots at different ti mes of the day . 
Management suggestions 
The following management suggestions are made : 
1. Stock ponds between 0. 5 ha and 2 . 0 ha i n  surface area are 
recommended for constructi on for breeding dabbli ng duck species except 
northern shovelers . Northern shoveler pa i rs may requi re larger ponds. 
Ponds smaller than 0 . 5 ha of surface water may dry up dur ing the brood 
rearing season and are not a reli able source of livestock drinking 
water . Larger ponds are less efficient . Breeding pair densities 
decrease w i th increasing surface area. Ponds larger than 2 . 0  ha should 
be constructed in  preference to ponds less than 0 . 5  ha . A cash incentive 
program to share an additional 10 percent of the cost of construction 
of stock ponds favorable to breeding pairs and broods would be beneficial . 
2. Ponds should be constructed with the maximum possible 
amount of shoreline per unit of surface area. Stock ponds with at 
least twice as much shoreline as would be necessary to just enclose 
the surface water area are recommended for construction. Minimum 
shoreline distance should range from 300 m for ponds with 0. 5 ha 
of surface water to 1000 m for ponds with 2 . 0  ha of surface water. 
Ponds constructed in gentle topography at the confluence of 
several draws or with islands would have long irregular shorelines. 
3. Heavy grazing should be discouraged because it adversely 
affects pair use. Light grazing may control dense peripheral 
stands of emergents and allow higher duck use, particularly for 
pintails, American wigeons, northern shovelers, and green-winged 
teal. 
4.  Recently constructed ponds should be protected from grazing 
to allow emergents to become established. Ponds with emergents 
scattered in dense patches or diffuse open stands appear to be 
important for pairs of mallards, pintails , blue-winged teal, gadwalls, 
and American wigeons. 
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5 .  Spacing of stock ponds t o  distribute grazing pressure appears 
to be good for breeding pairs. More stock ponds should be constructed , 
especially in areas having lowest stock pond densities. 
6 .  Ponds should be constructed and managed for species 
preferring the particular stratum. Development of stock ponds in a 
stratum for species which avoid that stratum would give poorer results 
than if the ponds had been planned and managed for species preferring 
the stratum. 
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APPENDI CES 
APPENDIX A. Stock pond density 
There are an estimated 92, 000 stock ponds in the Missouri Coteau, 
Northern Plateau, Pierre Hills, and Southern Plateau of South Dakota 
(Table 1 ) . Ponds were sufficiently represented in these four strata 
to allow statistical analysis (Table 2}. The Pierre Hills stratum has 
five times as many stock ponds as each of the other strata. Density 
of stock ponds per square kilometer were greatest in the Pierre 
Hills (0. 92) and least in the Missouri Coteau (0. 22 ) .  Hectares of 
stock pond basin per square kilometer are greatest in the Pierre 
Hills (2. 24 )  and least in the Northern Plateau (0. 81}. The Northern 
Plateau had approximately four times as many ponds per land unit as 
the Missouri Coteau but stock pond basin area per land unit was 
nearly equal. This was due to the larger basin size of stock ponds 
in the Missouri Coteau. 
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Tab l e  1 .  Di stri but ion and est imated numbers , hecta res , and dens i t i es of stock pond bas i n s 
among four major phys i ographi c strata i n  South Da kota , 1976 . 
Major Area of Percent Uumber of Ponds Hectares of Ponds 
Physi ograph i c  Strata of Area Tota l Pe� Tota l Pe2 Reg ion ( Km2) Samp l ed ( i n  thousands ) Km ( i n  thousands ) Km 
Mi s souri Coteau 27 , 995 0. 18 6 . 3  0 . 22 24 . 1  0 . 86 
Northern Pl ateau 30, 093 0. 15  24 . 5  0. 82 24 . 5  0 . 8 1  
Pi erre Hi l l s 52, 821 0 . 1 1  5 1 . 4 0 . 97 1 18 .  7 2 . 24 
Southern Pl ateau 20, 813 0 . 17 9 . 7  0 . 47 21 . 7 1 .  04 
Total 131 , 722 0 . 1 5  91 . 9 0 . 70 188 . 6  1 . 43 
-....! 
0 
Tabl e 2 .  Numbers of stock ponds conta i n i ng surface water by phys i ographs strata for May and 
June , 1 973  - 1976 .  
Physi ographi c 1 973 1974 1975 1976 Tota l 
strata May June May June May \.lune May June May June 
Mi s souri Coteau 14 14 1 3  1 2  1 2  13  8 6 47 45 
Northern Pl ateau 24 23 19  18 30 28 2 1  17 94 86 
Pierre Hi 1 1  s 49 50 38 38 54 5 1  41  35  182 174 
Southern Pl ateau 14 14  14  14 14  16 14 9 56 53 
Total 101 91 84 82 1 10 108 84 67 379 358 
""-J ..... 
APPENDIX B. Precipitation and pond surface water area 
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Breeding pair use of wetlands may not only reflect water conditions 
on the immediate ponds but also water conditions over the entire 
breeding grounds {Dzubin 1969) . Precipitation records, obtained from 
the National Weather Service at Brookings, South Dakota, were averaged 
over all stations within each stratum to expl ore the relationships 
between pairs using stock ponds, pond surface water area, and regional 
precipitation. 
Deteriorating water conditions over the four year period are 
evident in the declining 12 month precipitation {Table 1) . Precipitation 
in all strata in 1972-73 was well above average for the four year study 
period. Twelve month precipitation was lower in 1974-75 and 1975-76 than 
in the first two years. The four year drying trend resulted in a drought 
over much of South Dakota in 1976. 
This drying trend was also evident i n  the reducti on of stock pond 
surface water area over the four year period {Table 2) . Total surface 
water area available to breeding pai rs during the May and June censuses 
decreased in all strata from 1973 to 1974 and from 1975 to 1976 . 
Greatest decreases occurred i n  the Missouri Coteau and smallest 
decreases occurred in the Northern Plateau. 
Pond water conditions during a critical period of time in spring 
migration influences use of breed i ng hab i tat {Drewien and Springer 1969). 
This critical period probably occurs in April and May in South 
Dakota when peak migrations of dabbling ducks occur . Precipitation 
Table 1.  Average annual precipitation from May through April and average precipitation 
during March and April ( in parenthesis ) by year and physiographic strata .  
Physiographic Average erecieitation {cm} 4-year 
Strata 72-73 73-74 74- 75 75-76 Average 
Missouri Coteau 57 . 38 45 . 19 39 . 50 41 . 35 45 . 85 
( 4 .  92 ) ( 3 . 30 ) ( 4 . 26 )  ( 2 .  87 } ( 3 . 84 )  
Northern Plateau 47 . 93 41. 30 38. 30 37 . 26 41 . 22 
(4 . 02 )  ( 2 . 96 )  ( 5 . 83 )  { 2 . 49 ) ( 3 . 83 )  
P ierre H i  1 1  s 51. 54 42 . 72 36. 30 35 . 03 41 . 40 
( 4 . 63 )  ( 3 . 10 )  ( 4 .  07 ) ( 2 . 30 )  ( 3 . 53 )  
Southern Plateau 55. 73  49. 35 34 . 34 35 . 88 43 . 66 
( 3 . 84 )  ( 2 . 91 )  ( 4 . 80 )  ( 2 . 30 )  ( 3 . 46 )  
Strata Average 53. 14 44 . 68 37 . 11 37 . 24 43 . 05 
( 4 . 35 ) ( 3 .  07 ) ( 4 . 74 ) ( 2 . 49 )  ( 3 . 66 )  
',J 
w 
Tab l e  2 .  Hectares of stock pond surface water by physiographic strata from May 
( in parenthesis) and June breeding pair counts , 1973 - 1976 . 
Strata 1973 1974 1975 1976 
Missouri Coteau ( 12 .  02 ) ( 10 . 2 6 )  ( 10 .  7 1 )  ( 5 . 24 )  
1 3 . 98 1 2 . 2 2  10 .  57 2 . 00 )  
Northern P l ateau ( 1 5 .  07 ) ( 9 . 70 ) ( 1 3 .  85 ) ( 1 1 .  34 ) 
1 3 . 70 9 . 2 1  1 2 . 54 9 . 73  
Pierre Hil l s  ( 4 6 .  09 ) ( 34 . 74 )  ( 46 . 27 )  ( 2 5 .  97 ) 
42 . 86 39 . 44 45 . 16 22 . 1 1 
Southern Pl ateau ( 1 5 . 05 ) ( 1 1 .  46 ) ( 14 .  64 ) ( 1 1 .  63 ) 
1 5 . 38 12 . 2 1 13 . 69 9 . 9 1  
Total { 88 . 23 ) ( 66 . 16 ) (85 . 47 )  ( 54 . 18 )  
85. 93 7 3 . 08 8 1 .  97 43 . 75 
-...J 
..,::,. 
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prior to this period may have an important influence on stock pond 
surface water area available to breeding pairs during that critical 
period. Pospahala et al. ( 1974) concluded that precipitation during 
the 12 months prior to the May U. S. Fish and Wildlife Service Waterfowl 
Survey was an important variable influencing the number of natural 
ponds present in Alberta, Saskatchewan, and Manitoba. Precipitation 
during April and May was of minor importance compared to the cumulative 
effect of several months on the number of ponds. 
Twelve month precipitation, averaged from 1 May through 30 April 
was compared with stock pond surface water area in May to see if there 
was a positive relationship. Average 12 month precipitation for each 
stratum did not follow the trend in either May or June total pond 
surface area (Tables 1 and 2). Lack of congruence was especially 
evident in 1975. May pond surface water area had increased 29 percent 
but precipitation over the previous 12 months decreased by 16 percent. 
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The relationship between precipitation and surface water area is 
complicated by a host of interacting factors including evaporation, 
transpiration, seepage, humidity, temperature, wind , basin area, soil 
type, soil moisture, pond depth, and consumption by cattle (Eisenlohr 
and Sloan 1968, Stoudt 1969, Rundquist 1973). Apparently these factors 
and possibly others caused the discrepancy in trends between surface 
area and 12 month precipitation. 
While it is possible for pond surface water area to increase 
in years of decreasing precipitation due to seepage inflow, it is much 
more plausible that the increase in total surface area of stock ponds 
in 1975 was due to above average precipitation falling in a short 
period of time. Eisenlohr (1969) concluded that annual precipitation 
was not related to water replenishment in natural ponds in North 
Dakota because soil moisture and the magnitude of the storm were 
the effective controls over the amount of precipitation that 
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became basin inflow. Precipitation on the water surface was the major 
source of water supply. Runoff only became an important source when 
the ground was either frozen or saturated (Eisenlohr and Sloan 1968). 
Accumulated snowfall was effective in supplying water if it melted 
rapidly while the ground remained frozen. Rain was an important source 
of runoff only if a large amount fell within a short period of time 
regardless of whether it was a dry or wet year .  Stoudt (1969) 
believed that precipitation in May or June had a greater influence on 
raising and maintaining water levels of natural ponds and lakes in 
Saskatchewan than precipitation occurring later in the season . 
Stock pond surface water area seems to depend more on amount and 
duration of precipitation than do natural ponds . Stock ponds located 
at the bottom of drainage basins receive more runoff than natural 
ponds in poor drainage glacial areas . Rundquist (1973) found that the 
direction and extent of weekly fluctuations in water levels of eastern 
Montana stock ponds were highly correlated with total weekly 
precipitation (r � 0. 86) . Bue (1956) observed that some similarity 
existed between water levels of 50 stock ponds in the Pierre Hills 
stratum and monthly precipitation as recorded in Pierre . S . D. ,  in 1950 
and 1951. The only deviations in water levels from this pattern could 
be explained by the occurrence of local heavy rains which were not 
recorded in Pierre. 
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In this study, May pond surface water area followed both the 
direction and extent of change in combined March and April precipitation. 
Above average precipitation during these two months and rapid melting 
resulted in heavy runoff in 1975 and increased surface water area. 
Further evidence that stock pond surface water area was dependent 
on the amount of precipitation in March and April, was seen in the 
changes of  total number of  basins and surface area of each of the four 
years (Table 3). All wetland classes had greater percentages of basins 
wet both in number and area in 1973 and 1975 than in the other two years. 
These were years of above average March and April precipitation. A 
greater percentage of stock ponds had surface water in 1975, the year 
of greatest March and April precipitation, than any other year. In 
1974 and 1976 when March and April precipitation was least, fewer stock 
ponds contained water and held less water.  
Stock pond surface water area appeared to be more influenced by 
March and April precipitation than natural wetlands on the same plots. 
Stock ponds decreased less in surface area in 1974 and 1976 but 
increased more i n  surface area in 1975 than natural wetlands. 
Intermittent streams and dugouts showed the same direction and extent of 
change in percentages of bas ins wet and percentages of surface area 
w ith March and Apr il prec i p itation as did stock ponds. Surface water 
area of streams , dugouts , and stock ponds depended more on surface 
runoff than natural ponds and lakes in the same area. 
Tabl e 3 . Percent of tota l number of basi ns wi th surface water and percent of tota l bas i n  
area wi th surface water ( )  for sel ected wetl and cl a sses l ocated on quarter 
secti ons wi th stock ponds for May and June,  1973 - 197 6 .  
Wetl and 1 973 1974 1975 1976 
c l assa May June May June May June May June 
Ephemeral 29 0 25  17  
( 4 )  (0 ) ( 38 )  ( 3 )  
Temporary 86 14 100 100 
( 60 )  ( 7 )  ( 57 )  (86 ) 
Seasonal 50 25 33 0 33 67 6 0 
( 63 )  { 62 ) { 4 )  ( 0 )  { 2 1 )  ( 2 5 )  ( 1 )  ( 0 )  
Semi-pennanent 100 88 82 88 89 78 38 0 
(83 )  { 79 )  ( 56 )  ( 53 )  ( 37 ) ( 33 )  ( 6 )  ( 0 )  
Intennittent s tream 80 88 47 36 77 59 50 24 
{70 )  {63 )  ( 3 9 )  (26 ) ( 55 )  ( 47 ) ( 38 )  ( 12 )  
Dugout 100 100 57 86 88 75 70 40 
{79 )  (8 1 ) ( 49 )  (83 ) ( 68 )  ( 63 )  ( 58 )  (28 )  
Stock pond 88 88 73 7 1  93 92 72 58 
(83 )  ( 80 )  ( 60 )  ( 66 )  ( 83 )  (80 ) ( 5 3 )  (43 ) 
anatura l  pond c l assi ficati on accordi ng to Stewart and Kantrud ( 197 1 ) . 
-....J 
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The importance of stock ponds in drought years as permanent water 
sources has been noted by other researchers. Keith (196 1) concluded 
that the value of daITTTied and reflooded natural wetlands was greatest in 
water critical years when the natural ponds dried up in June and July. 
Stewart and Kantrud (1974) observed in 1968, a dry year in North Dakota, 
that the value of man-made wetlands (stock ponds and dugouts) increased 
over natural basins for breeding waterfowl. Bue et al . ( 1964) and 
Ruwaldt (1975) made similar observations in South Dakota. Stoudt 
(1971) observed that stock ponds were the most permanent water bodies 
during drought at Redvers, Saskatchewan. 
In this study, stock ponds were found to be more permanent in 
total numbers of wet basins and total surface water area than natural 
wetlands in the same area during drought years. Stock ponds increased 
more in percentages of basins wet and total basin areas containing 
water in 1975, a wet year, than natural wetlands and decreased less in 
the same percentages during dry years. In 1976, the driest year, a 
greater percentage of stock ponds had surface water and had a greater 
proportion of the total basin area covered by water than any natural 
wetland class except permanent streams . 
Pond surface area appeared to respond more to decreases in 
precipitation than to increases. The decrease in surface water area 
from 1973 to 1974 and from 1975 to 1976 was nearly proporti onal to 
decreases in March and April precipitati on. However , pond surface 
water area did not increase proportionally to increased precipitation. 
Surface water area increased only 29 percent across all strata in 
1975 when precip itati on i ncreased 54 percent. March and April  
prec ip itati on was h i ghest i n  1975 but surface water area was less than 
in 1973. It was poss i ble that as the dryi ng trend i ntens if ied i n  1975 
due to below average annual prec ip i tati on, so i l  mo i sture content had 
greatly decreased. When prec ip itati on d i d come i n  March and Apri l  
of 1975, a much greater proporti on of i t  was retained i n  the soi l. 
Trends i n  pond surface water area i n  the M issour i Coteau were 
least l i ke trends i n  March and April  precip itation. Surface water 
area i ncreased less than would be expected by exam in ing i ncreased 
prec ip itati on.  June pond surface area in the M issour i Coteau dropped 
82 percent from 1973 to 1976 wh i le study ponds i n  the other strata 
dropped less than 50 percent over the same peri od of ti me. Surface 
water area also dropped more than would have been expected by 
80 
decreased prec ip itati on i n  1976. Th i s  was probably due to the poorer 
drainage and more porous quali ty of eastern glaci al loams as compared 
to good drainage and i mpermeable quali ty of western clay soi ls. Bue 
( 19 56) believed that study ponds i n  the P i erre Hi lls stratum were 
rapidly fi lled by heavy rains and good snow runoff because of the large 
drainage basi ns and the i nab il ity of P i erre so i ls to rap i dly absorb 
moi sture. 
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Mallards, blue-winged teal, and pintails were the most abundant 
species using stock ponds each of the four years (Table 1) . These three 
species made up 8 1  percent of the total number of indicated pairs on 
study ponds over the period. Similar percentages for these three 
species using stock ponds were found by Bue (1956) in western South 
Dakota, Swanson (1959) in eastern South Dakota, and Smith (1953) in 
eastern Montana. Numbers of pairs per pond an�numbers of pairs per 
hectare of surface water compare with densities obtained from studies 
of natural ponds and lakes (Table 2 ) . Densities obtained on stock 
ponds were greater than those recorded for studies on natural wetlands. 
However, those densities could not be compared too literally as the 
census methods varied between studies . 
Decreasing numbers of pairs using stock ponds over the four year 
period corresponded well  with decreasing surface water area and 
decreasing March and April precipitation. Blue-winged teal pairs 
corresponded more with fluctuations in surface water area and March 
and April precipitation than any other species. Numbers of pairs were 
highest in 1973 when total pond surface area was greatest. Numbers of 
pairs increased in 1975 when March through April precipitation and 
surface water area increased. Bellrose (1976) stated that blue-winged 
teal were more flexible in their homing behavior which enabled them to 
make adjustments to drought. 
The fact that waterfowl breeding populations are influenced 
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Table 1. The distribution of indicated breeding pairs on South Dakota 
stock ponds in the Missouri Coteau and west-river strata 
combined, 1973 - 1976. 
l�aterfowl 
species 1973 
Mallard 100 
Pintail 38 
Blue-winged teal 1 14 
Gadwa 1 1  2 5  
American wigeon 15  
Northern shoveler 1 1  
Green-winged teal 6 
Lesser scaup 
Ruddy duck 3 
Total 312 
Indicated breeding �airs 1974 19i 
63 65 
28 32 
50 55 
'12 2 1  
7 6 
3 2 
2 5 
4 1 
170 187 
1976 
66 
27 
47 
13  
6 
5 
5 
1 
170 
Total 
294 
125 
266 
81 
34 
21 
18 
6 
3 
848 
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Table 2. Comparison of numbers of breeding pairs per hectare (pr/ha) of 
surface water and per pond (pr/pd) between stock ponds and 
natural ponds and lakes, all breeding species combined. 
Natural 
Stock eonds eonds 
Study Year Location pr/Fia pr/pd pr/ha pr/pd 
Evans and Black ( 1956) 1950-53 S. D . 1. 7 
Fa rmes (1956) Minn. ./ 3.9 
Bue (1956 : 137) 1950-5 1  S. D. 6.2 5.5 
Keith (1961: 75) A 1 berta 2.9 
Jahn and Hunt (1964) Wis. 0.8 
Kruse (1972 : 2 1) 1967 N. D. 7. 4 7.8 3.0 2.9 
1968 8.7 9.0 2.5 2.6 
1969 4. 5 5. 2 1. 5 1. 7 
Duebbert (1972) 1968 S. D. 4.7 
1969 7.9 
Lokemoen (1973 : 180) 1967-70 N .  D .  4. 5 
Rundquist (1973:42) 1971-72 Mont. 4.6-5.2 
Gjersing (1975 : 38) 1969 Mont. 2. 9 
1970 3.4 
MeEnroe (1976:22) 1973-74 S . D .  2. 9 4 . 3  
This studya 1973-76 S . D . 2. 9 2. 3 
acombined early and late pair counts 
by spring water conditions is well documented in the literature. 
Krapu et al. (1970) believed that size of the mallard population was a 
function of the water conditions in late March and early April when 
mallard pairs were establishing territories . Mendall ( 19 58) found that 
water levels during a short period before nesting were of major 
importance in determining breeding popul ation levels of black and 
ring-necked ducks in Maine. Salyer ( 19 62) stated that breeding pair 
populations in North Dakota tended to fluctuate with the number of 
available water areas. Evans and Black (1956) and Jenni (1956) have 
observed the same relationship on natural ponds in South Dakota. 
Drewien and Springer (1969 )  concluded that annual breeding populations 
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at Waubay refuge were determined by local water conditions and that pair 
density fluctuations resulted from changes in water conditions during a 
critical period in the spring. 
Pairs may be quite sensitive to initial and substantial drops in 
surface water area and spring precipitation. Numbers of pairs of all 
species combined dropped 56 percent from 1973 to 1974 (Table 1) . 
This decline in numbers was more extreme than the drop in surface water 
area available (Table 2, Appendix B). Smith (1969)  observed the same 
phenomenon for mallards on his study area. He conjectured that mallard 
pairs may have suffered a psychologi cal and possi bly a physiologi cal 
shock when they returned to dry breeding grounds . 
Breeding pairs may not immediately recover from th i s  decli ne. 
In 1975 , numbers of pairs did not increase to 1973 popu l ati on levels 
even though surface area ava i lable was nearly equal both years . 
Dzubin (1969) observed that in a good water year preceded by a year 
of drought and poor production, the breeding population did not make 
immediate use of the additiona l water area. There was a l ower pair per 
pond ratio following the year of drought than during the drought year. 
He believed that the t ime l ag of one to two years occurred while homing 
pairs reoccupied the avai labl e wetlan_5!,s and production increased. 
Stoudt (1971) and Smith (1971) have made similar observations in 
Saskatchewan and Alberta, respectivel y. 
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Trends in densities of all species combined did not foll ow the 
trend in surface water area (Table 3) . After the initial drop in 
surface area and number of pairs from 1973 to 1974, densities were 
infl uenced more by changes in surface area than changes in numbers of 
pairs. Surface water area decreased drastical l y  in 1976 but densities 
of breeding pairs actual ly increased. Mall ard, pintai l ,  and blue-winged 
teal pairs may have crowded onto the availabl e  water areas during the 
severe drought year. Stoudt (1971) has observed crowding of ducks 
i nto marginal habitat during drought. 
Total numbers of pairs decreased over the four years in al l 
strata except the Northern Pl ateau (Tabl e 4 ) .  Greatest decreases 
occurred in the Missouri Coteau and Southern Pl ateau which were 
the two strata having greatest decreases in total surface water area. 
Numbers of pairs in the Northern Plateau from 1973 to 1974 remained 
stable despite greater drops in surface water area than any other 
stratum. 
Greatest f l uctuations in numbers and densi ties of pairs were for 
Table  3 .  Numbers of waterfowl indicated pairs per pond ( i n  parenthesis ) and per hectare of  surface 
water of stock ponds averaged over physiographi c  strata , 1973 - 197 6 .  
Waterfowl species 197 3  1974  1975 1976 Average 
Mal l ard ( 0 . 99 )  ( 0 . 7 5 )  ( 0 . 59 ) ( 0 . 7 7 }  ( 0 . 78 ) 
1. 13 0. 95 0 . 76  1 . 20 1 .  01 
Pi ntail ( 0 . 38 ) ( 0 . 31 )  ( 0 . 2 9 )  ( 0 . 32 )  ( 0 . 33 ) 
0 . 43 0. 39 0 . 37 0 . 50 0 . 42 
Bl ue-winged tea 1 ( 1. 10 ) ( 0. 60 )  ( 0 . 51 )  ( 0 . 70 ) ( 0 . 73 )  
1 .  29 0. 67 0 . 67  1. 07 0 . 93 
Gadwal l ( 0 . 25 ) ( o. 2 7 ) ( 0 . 19 ) ( 0 . 19 )  ( 0 . 23 )  
0 . 29 0 . 30 0 . 26 0 . 30 0 . 29 
American wigeon ( 0. 15 ) (0 . 09 )  ( 0 . 06 )  ( 0�09 ) ( 0 . 10 ) 
0. 17 0. 10 0 . 07 0 . 14 0 . 12 
Northern shoveler { 0 .  11) {0 . 04 )  ( 0 . 02 )  ( 0 .  07 ) ( 0 . 06 )  
0 . 13 0 . 04 0. 02 0 . 11 0 . 08 
Green-winged teal { 0. 05 ) ( 0 . 02 )  ( 0 . 05 )  (0 .  07 } ( 0 . 06 )  
0 . 06 0 . 03 0 . 06 0 . 11 0 . 07 
Early-nesti ng pairs ( 1. 37 ) ( 1. 06 )  ( 0 . 88 )  ( 1 .  09 ) ( 1 . 10 )  
1 .  56 1. 34 1. 13 1. 70 1. 43 
Late-nesti ng pairs ( 1. 66 )  ( 1. 02 ) ( 0 . 83 )  ( 1. 12 ) ( 1. 16 ) 
1. 94 1. 14 1. 08 1. 73  1. 47 
Total a { 3 . 03 )  { 2 . 08 )  ( 1. 7 1 )  ( 2 . 2 1) ( 2 . 26 )  
3 . 50 2 . 48 2 . 21 3 . 43 2 . 9 1 
asum of early and l ate pair  counts 
(X) 
(X) 
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northern shovelers, blue-winged teal, American wigeons , and green-winged 
teal. Numbers and densities of mallard and pi ntail pairs fluctuated the 
least between years. Krapu et al. ( 1970) found that numbers of mallard 
pairs remained more stable between years than late-nesting pairs. 
Early-nesting pairs did no\ respond to yearly changes as much as 
late-nesting species. Stoudt (1971) observed that mallard populations 
were quite stable through drought years. American wigeons were found 
to have the most stable population levels along with mallards while 
blue-winged teal were adversely affected by the drought. 
Density and numbers of mallard pairs dropped from 1973 to 1975 in 
all strata except the Northern Plateau (Tables 5 to 8 ) . In the 
Northern Plateau density and numbers of pairs increased over the same 
period of time. Mallard pairs appeared to have vacated ponds in the 
M i ssouri Coteau , Pierre Hills, and Southern Plateau from 1973 to 1975 
and moved northward because densities and numbers increased in the 
Northern Plateau. Pospahala et al. (19 74) have shown that mallard 
breeding populations in western South Dakota were inversely and 
significantly (P<0. 05 ) correlated with mallard populations of 
southwest Alberta from 1955 to 1973. 
Table 5 .  Numbers of waterfowl indicated pairs per pond ( i n  parenthesi s )  and  per hectare of  surfa ce 
water of s tock ponds i n  the Mi ssouri Coteau ,  1973 - 1976 .  
Waterfowl spec ies 1 973  1974 1975 1 976 Average 
Mal lard ( 1 .  43 )  ( 0 . 69 ) ( 0 . 67 ) ( 1 .  63 ) ( 1 . 1 1 )  
1 .  66 0. 88 0 . 75 2 . 48 1 .  44 
Pi ntail ( 1 .  29 ) (0 . 69 ) ( 1 .  33 )  ( 1 .  63 ) ( 1 .  24 ) 
1 .  50 0. 88 1 . 49 2 .  48 1 .  59 
Blue-wi nged teal ( 2 .  7 1 )  ( 1 .  08 ) (0 . 62 )  ( 1 .  00 ) ( 1 .  35 ) 
2 .  72 1 .  06 0 . 76 2 . 99 1 . 88 
Gadwa l l  ( 1 .  14 ) ( 0. 75 ) ( 0 . 3 1 ) ( 0 . 50 )  ( 0 . 68 )  
1 . 14 0. 74 0 . 38 1 .  50 0 . 94 
American wigeon (0 . 43 ) (0 . 08 )  (0 . 26 )  
0. 43 0. 08 0. 26 
Northern shove l er (0 . 43 ) (0 . 1 7 ) ( 0 . 30 ) 
0. 43 0. 16 0 . 30 
Green-winged teal (0 . 14 ) ( 0 . 1 7 ) ( 0 . 16 ) 
0 . 14 0 . 16 0 . 1 5  
Early-nest i ng pai rs ( 2 .  72 ) ( 1 . 38 )  ( 2 . 00 )  ( 3 . 2 6 )  ( 2 . 34 )  
3 . 1 6  1 .  76 2 . 24 4 . 96 3 . 03 
Late-nest i ng pai rs (4 . 85 )  ( 2 . 25 ) ( 0 . 93 } ( 1 .  50 ) ( 2 . 38 )  
4 . 86 2 . 20 1 . 14 4 . 49 3 . 1 7  
Tota l a ( 7 .  5 7 } ( 3 . 63 )  ( 2 . 93 )  ( 4 . 76 )  ( 4 .  72 ) 
8 . 02 3 . 96 3 . 38 9 . 45 6 . 20 
asum of early and l ate pa ir counts 
Table 6 .  Numbers of waterfowl indicated pairs per pond (in parenthesis ) and per hectare of surface 
water of stock ponds in the Northern Plateau , 1973  - 1976 . 
Waterfowl species 1973 1974 1975  1976 Average 
Mallard ( 0. 46 ) ( 0. 79 ) ( 0 . 90 )  ( 0 . 62 )  ( 0 . 69 )  
0. 73 1. 55 1.  95 1. 15  1 .  36 
\ . 
Pintail ( 0 . 21 )  ( 0. 26 ) ( 0. 37 }  ( 0 . 24 )  ( 0 . 2 7 )  
0. 33 0. 52 0 . 79 0. 44 0 . 52 
Bl ue-wi nged teal { 0. 52 ) { 0 . 33 ) ( 0. 36 )  ( 0 . 71 )  ( 0 . 48 )  
0. 86 0. 65 0. 80 1. 23  0 . 89 
Gadwa l l  { 0. 1 7 )  { 0. 39 ) ( 0 . 18 )  ( 0 . 29 )  ( 0 . 26 )  
0 . 29 0. 76 0. 40 0. 51  0 . 49 
American wigeon {0 . 13) ( 0 . 22 )  ( 0. 07 }  ( 0 . 18 )  ( 0 .  07 ) 
0 . 22 0. 43 0 . 16 0 . 31  0. 28 
Northern shoveler (0. 04 ) ( 0 . 04 )  ( 0 . 18 ) ( 0 . 07 )  
0 . 07 0. 08 0 . 31  0 . 12 
Green-winged teal ( 0. 12 ) ( 0 . 12 )  
0. 2 1  0. 2 1  
Early-nesti ng pai rs (0 .  67 ) { 1. 05 ) ( 1. 27 ) ( 0. 86 )  ( 0 . 96 )  
1. 06 2. 07 2. 74 1. 59 1. 87 
Late-nesting pairs (0 . 86 )  ( 0 . 94 )  ( 0. 65 ) ( 1 .  48 ) ( 0 . 98 )  
1. 44 1. 84 1 . 44 2. 57 1. 82 
Total a ( 1. 53 ) ( 1 .  99 ) ( 1. 92 ) ( 2. 34 ) ( 1 .  95 ) 
2 . 50 3 . 91  4. 18 4 . 16 3 . 69 
asum of early and l ate pair counts I.O N 
Tabl e 7. Humbers of waterfowl ind i cated breedi ng pairs per pond ( i n  parenthes i s )  and per hectare 
of surface water of stock ponds in the Pierre H i l l s ,  1973 - 1976. 
Waterfowl species 1973 1974 1975 1976 Average 
Mal lard ( 1. 06 ) ( 0. 74 ) ( 0. 48 ) co . 76 )  ( 0. 76 )  
1. 13 0. 8 1  0. 56 1 .  19  0. 92 
Pi nta i 1 (0. 24 )  ( 0. 26 ) ( 0. 06 ) ( 0. 17 ) ( 0. 18 )  
0. 26 0. 29 0. 06 0. 27  0. 22 
Blue-winged teal (0. 84 ) ( 0. 50 ) ( 0. 47 )  ( 0. 5 1 )  ( 0. 58 ) 
0. 98 0 . 48 0. 53 0. 8 1  0. 70 
Gadwal l ( 0. 08 ) ( 0. 1 3 )  ( 0. 16 ) ( 0. 14 ) (0. 1 3 )  
0. 09 0. 13  0. 18 0 . 23 0. 1 6  
American wigeon (0. 10 ) ( 0. 05 ) ( 0. 06 ) ( 0. 09 )  ( 0. 08 )  
0. 12 0. 05 0. 07 0. 14 0. 10 
Horthern s hovel er ( 0 . 08 )  ( 0 . 03 ) ( 0 . 02 )  ( 0 . 06 )  ( 0 . 06 )  
0. 09 0. 03 0. 02 0. 09 0. 06 
Green-winged teal (0. 06 ) ( 0. 10 ) ( 0. 09 ) ( 0. 08 ) 
0. 07 0. 1 1  0. 14 0. 08 
Early-nesting pairs ( 1. 30 ) ( 1. 00 ) ( 0. 54 ) ( 0. 93 ) ( 0. 94 ) 
1 .  39 1 . 10 0. 62 1 . 46 1. 14  
Late-nesting pairs ( 1. 1 6 )  ( 0 .  7 1 )  ( 0. 81 )  ( 0. 89 )  (0. 89 )  
1 .  35 0. 69 0. 91  1. 4 1  1. 09 
Total a (2. 46) ( 1 . 7 1 ) ( 1 .  35 )  ( 1 .  82 ) ( 1. 84 ) 
2. 74 1 .  79 1 .  53 2. 87 2. 23 
--
asurn of earl y and l ate pai r  counts w 
Table 8 .  Numbers of waterfowl indicated breeding pairs per pond ( in parenthesis) and per hectare 
of surface water of stock ponds in the Southern Plateau , 1973  - 1976 .  
Waterfowl species 1973 1974 1975 1976 Average 
r1a l lard ( 1. 21 )  ( 0 . 79 } ( 0 . 29 )  ( 0 . 57 )  ( 0 .  72 ) 
1. 13 0 . 96 0 . 27 0 . 69 0 . 76 
Pintail ( 0 . 21 )  ( 0 .  14 ) ( 0 . 14 )  ( 0 . 14 )  ( 0 . 16 )  
0 . 20 0 . 17 0 . 14 0 . 17 0 .  17 
Blue-winged teal ( 1. 36 ) ( 0 . 79 ) ( 0 . 81 )  ( 1 .  22 ) ( 1. 05 ) 
1. 24 0 . 90 0 . 95 1 . 11 1. 05 
Gadwal 1 ( 0 .  07 ) ( 0 .  07 ) ( 0 . 25 )  ( 0 . 13 )  
0 . 07 0.  08 0 . 29 0 . 15 
American wigeon ( 0 .  07 ) ( 0 . 06 )  ( 0 .  07 ) 
0 . 07 0 . 07 0 . 07 
Earl y-nesting pairs ( 1. 42 ) ( 0 . 93 )  ( 0 . 43 )  ( 0 . 71 )  ( 0 .  87 ) 
1. 33 1. 13 0 . 41 0 . 86 0 . 93 
Late-nesting pairs ( 1. 50 ) ( 0 . 86 )  ( 1 . 12 )  ( 1 .  22 ) ( 1 .  18 ) 
1. 38 0 . 98 1. 31 1. 11 1. 20 
Total a ( 2 .  92 ) ( 1. 79 )  ( 1 .  55 ) ( 1. 93 ) ( 2 . 05 )  
2 .  7 1  2 . 11 1. 72 1. 97 2 . 13 
asum of early and late pair counts 
I.O 
.::,. 
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